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Background. Previous literature examined tactile and proprioceptive changes after stroke; 
however, the lived experience of changes in all sensory systems is still a gap in the literature. 
Purpose. To gain understanding of stroke survivors’ experience of sensory changes and how 
sensory changes impact participation in daily life activities. Method. This study utilized a 
qualitative description method. Researchers used semi-structured interviews with probing 
questions. Inductive content analysis approach was used to analyze the data. Researchers 
recruited thirteen stroke survivors ≤ 75 years old who participated in a community program. 
Findings. Emerging themes included Daily Life Impact of Sensory Function Changes, and 
Experience and Timing of Sensory Changes. Participants experienced changes in various sensory 
systems including touch and proprioception, visual, auditory, and taste. Survivors also reported 
sensitivity to environmental stimuli. Sensory changes affect survivors’ participation in daily life. 
Implications. Results from this study inform health care providers about stroke survivors’ 
sensory needs to help them design interventions that match their needs. 
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People experience life through their senses. Sensations are important to interact safely with 
the environment and participate in daily life activities (Tyson et al., 2008; Rhoda, 2012). 
Sensory changes are common after stroke, which can influence participation in daily life 
activities (Connell, 2008; Doyle, Bennett, & Dudgeon, 2014; Connell, McMahon, & Adams, 
2014). For example, motor recovery is highly dependent on sensory function, and therapy 
targeting motor control needs to include sensory components to achieve better outcomes 
(Bolognini, Russo, & Edwards, 2016). However, health professionals and researchers neglect 
the sensory aspects of the rehabilitation process, as these changes are less apparent than motor 
and cognitive changes (Doyle et al., 2014). 
The majority of the literature available regarding sensory changes after stroke focuses on 
highlighting somatic sensation changes (i.e., touch, proprioception, temperature, and pain; 
Bolognini et al., 2016). Evidence describing the lived experiences of somatosensory system 
changes is also available, but there is currently limited research focusing on the lived 
experiences of changes in stroke survivors’ other sensory systems such as vision, taste, and 
smell.  
 Depending on the area or the size of the brain affected, different sensory systems could be 
changed by stroke (Grefkes & Fink, 2011). Landi (2006) indicated that 86% of stroke survivors 
demonstrated hearing changes that were not identified by neurologists or health care 
professionals. Other researchers have found that reduced taste sensation and intra oral 
sensitivity among stroke survivors impacted meal time experience after stroke (Jacobsson, 
Axelsson, Wenngren, & Norberg, 1996; Schimmel, Voegeli, Duvernay, Leemann, and Muller, 
2017). Moreover, survivors reported sensitivity to environmental stimuli after stroke (Carlsson, 
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Moller & Blomstrand, 2009). Despite the frequency of reporting sensitivity to sensory stimuli 
such as light and sound, researchers have not explored this area in the literature.  
The lived experience of sensory changes among community-dwelling stroke survivors is a 
current gap in the research. This study seeks to fill the gap by answering two questions: 
1. What sensory changes did individuals experience after a stroke? 
2. How did sensory changes affect meaningful activities? 
Methods 
To answer the research questions above, researchers used a qualitative method. A 
qualitative method is appropriate to use when there is little known about the problem (Patton, 
2002). There is little research studying the experience of sensory changes among stroke 
survivors; therefore, conducting a qualitative approach was appropriate for the current study. 
Researchers used the Consolidated Criteria for Reporting Qualitative Research (COREQ; a 32-
item checklist) guidelines to establish detailed transparent methods to report our findings (Tong, 
Siansbury, & Craig, 2007).  
Design 
This study utilized a qualitative description design to gain understanding of stroke 
survivors’ experience of sensory changes and how sensory changes impact participation in daily 
life activities. With qualitative description design, researchers seek to understand the 
participants’ experiences and perspectives regarding specific phenomenon from their viewpoint 
without having predetermined variables or theoretical assumptions (Lincoln and Guba, 1985; 
Sandelowski, 2000). 
Qualitative description is a method of naturalistic inquiry that aims to describe a group of 
peoples’ experiences or events using their own words (Sandelowski, 2000). Naturalistic inquiry 
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was proposed by Lincoln and Guba (1985) as a paradigm to understand real-world situations. 
Researchers use naturalistic inquiry as a qualitative method to understand individuals’ 
experiences in their natural setting. The design is useful in nursing and health science research 
because it provides clear information on how to improve practice (Sandelowski, 2000; Sullivan-
Bolyai, Bova, and Harper, 2005). Additionally, insights developed from qualitative description 
tend to be readily applicable to practitioners, leading to quicker adoption in clinical settings 
(Sandelowski, 2000, 2010).  
Participants 
Researchers used purposive sampling to recruit participants who experienced sensory 
changes after stroke from an established community program. Researchers asked potential 
participants if they experienced sensory changes after stroke and if daily life was affected due 
to these changes. Researchers confirmed participant met inclusion criteria with program 
records.  
Potential participants were both males and females younger than 75 years old. To 
ensure capacity to respond to the interview questions, researchers included participants who 
scored 26 or higher on the Montreal Cognitive Assessment based on their medical records 
(MoCA; Chiti and Pantoni, 2014). Researchers excluded participants who had a receptive or 
expressive aphasia, dementia, and/or central nervous system diseases other than stroke (e.g., 
traumatic brain injury). According to Pohl et al. (2003) people older than 75 years of age 
experience noticeable sensory processing changes due to the aging process. Therefore, 
researchers included people younger than 75 years old, so the sensory changes reported by 
participants were likely attributed to the stroke rather than the aging process. Survivors were 
one to seven years past their post-stroke and participated in a community setting in an urban 
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Midwestern city of approximately 160,000 people (U.S. Census, 2017). According to findings 
of our previous research (“redacted for review”), participants reported they began noticing 
sensory changes one-two years after their stroke. Though people may experience immediate 
sensory changes after stroke, they may need time and perspective to notice sensory changes 
due to the many other changes caused by stroke (i.e. physical, participation, cognitive). 
Based on previous literature, researchers expected to reach saturation by recruiting five-
twelve participants. Researchers recruited participants until they reached saturation in the study 
research questions – that is, when new participants offered no new insights (Sandelowski, 2008). 
Saturation of data emerged within nine interviews, which is consistent with previous literature 
(Guest, Bunce, Johnson, 2006; Connell et al., 2014). To ensure we reached saturation, four 
additional interviews were conducted. To obtain the sample, researchers contacted seventeen 
participants and four participants were excluded as they did not experience sensory changes after 
stroke. 
Data Collection  
Individual semi-structured interview. Researchers developed open-ended questions 
with probes to facilitate the interview. Experts in sensory processing reviewed the prepared 
questions and provided suggestions and feedback. Questions asked the participants about the 
impact of sensory changes on their involvement in daily activities, and the impact of the 
environment on their participation. The team piloted the interview questions with three 
participants to determine feasibility. The questions were modified based on the pilot study. The 
final version of the questions is listed in Table 1. The three pilot participants were re-
interviewed using the finalized questions, thus they are included in the final sample. 
Researchers also used a separate demographic form to collect demographic information and 
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stroke-related information (e.g., stroke onset, side of stroke, and type of stroke) at the start of 
the interview.  
Procedure. After receiving university Institutional Review Board approval, researchers 
posted flyers at a community-based stroke program. Additionally, researchers contacted the 
director of the program to help to identify people who may be willing to participate. When 
potential participants expressed willingness to participate in the study, researchers asked them if 
they had experienced sensory changes after stroke to be sure they were a match for the study. 
After a participant consented to be a part of the study, researchers reviewed the participant’s 
record to determine if he/she fit the inclusion and exclusion criteria. Then participants completed 
the demographic survey and participated in the semi-structured interview which took 
approximately 45 minutes. The interview started with broad questions and followed with more 
detailed questions for clarification. Data collection occurred from March 2018 to May 2018. 
The research team consisted of the first author and four Masters’ of Occupational 
Therapy (MOT) students in their final semester. The first author is an expert in sensory 
processing and community rehabilitation for people with stroke. The first author and one student 
conducted and transcribed interviews (following the protocol described below). All researchers, 
including the student who helped with data collection, then completed data analysis. 
 Student training. The lead researcher followed the 5-phase protocol training for 
interviewer and coder suggested by Goodell, Stage, and Cooke (2016). See Appendix A for more 
details on conducting the training. Reliability between coders is described in the analysis section.  
Data Analysis 
Researchers used an inductive content analysis approach to explore the stroke survivors’ 
experience of sensory changes, and its impact on participation. Inductive content analysis is an 
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approach to qualitative data analysis that is used when there is little known about a particular 
phenomenon (Elo & Kyngas, 2008). The interviews were recorded and transcribed verbatim. 
Each researcher transcribed the interviews that she collected to maximize immersion in the data. 
Transcribing one’s own data is important step to achieve accuracy in data analysis; since the 
researcher understands the words within its context due to familiarity with the interview 
(MacLean, Meyer, & Estable, 2004; Bailey, 2008). All researchers confirmed that the interviews 
were transcribed accurately by listening to the recorded interviews while reading the written 
transcripts.  
The data collection and data analysis started simultaneously; researchers began data 
analysis immediately following the completion of the first interview and proceeded until all data 
were analyzed. Therefore, data collection and data analysis mutually shape each other, as 
Sandelowski (2000) stated, "In qualitative content analysis, the researcher continuously modifies 
their treatment of data to accommodate new data and new insights of those data" (p. 338).  
Researchers used the coding process adapted from Graneheim and Lundman (2004). The 
coders used an iterative process to develop codes and themes. The coders began by reading 
interview transcripts independently several times to identify meaning units. They then 
identified their own set of codes by condensing meaning units into codes. As the team went 
through the coding process, they compared codes that emerged from the new transcripts to the 
codes already defined. Researchers combined similar codes into categories, then they defined 
each category to be used in the coding process for future coding. They then created a coding 
dictionary where they added codes, category definitions, and examples. The research team met 
regularly to discuss areas of confusion with the definitions and revised the categories’ 
definition accordingly. The research team reached consensus for all categories. Researchers 
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used the revised coding dictionary to complete coding the new transcripts, then repeated this 
process as new transcripts were added.  
To establish the reliability of data analysis, six (46%) of the transcripts were coded by at 
least two researchers. Transcripts were coded simultaneously by more than one researcher at 
different points throughout the study (i.e., team coding). Researchers did two rounds of team 
coding to establish reliability and reach 80% of agreement . First, they used the first version of 
the coding dictionary to achieve 75% of agreement. Any inconsistency between researchers on 
the codes or categories was discussed as a team to improve the clarity of categories' definitions. 
For the second round of reliability coding, the researchers added examples and modified the 
definitions of the categories for clarity. The research team then used the updated coding 
dictionary to reach a final agreement level of 89.6%. To further confirm reliability, at the end 
of data analysis, two researchers completed a third and final reliability check on the newly 
collected transcripts and reached consensus for the codes and categories. After researchers 
determined the reliability of the categories, they grouped similar categories into overarching 
themes. Once researchers put the coding process in place, the primary author consulted with 
two senior qualitative researchers to ensure the accuracy of the analysis process.  
Trustworthiness and Methodological Rigor. Trustworthiness is established in 
qualitative research by addressing five tenets as described by Guba and Lincoln (1985): (1) 
credibility, (2) transferability, (3) dependability, (4) confirmability, and (5) authenticity.  
Researchers utilized reflective journaling before, during and after interviews; peer 
debriefing during data collection and analysis, and field notes to assist establishing credibility. 
Member checking was also used during and after each interview; interviewers recapped the 
thoughts and ideas shared by participants and gave them the chance to further clarify their 
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points. The research team met several times to create and refine codes and categories to 
maintain dependability. The primary author also consulted two senior qualitative researchers to 
enhance credibility and dependability of the analysis process. To support confirmability, 
researchers completed coding independently and met collectively to discuss their own codes 
and categories until they reached consensus. They also conducted team coding on six 
transcripts to ensure consistency between coders to further support confirmability. 
Researchers supported the transferability of the study findings through a detailed 
description of the procedure, field notes, and accurately transcribed interviews. Additionally, a 
rich description of participant experiences is provided to support transferability. The team 
created an audit trail of meeting minutes and coding decisions to further support transferability 
by noting the research process and changes throughout the study. They used the audit trail to 
reflect on decisions made and consider coding decisions related to the researchers' inherent 
biases. The audit trail is a crucial piece of academic rigor needed for qualitative studies.  
Findings 
Researchers interviewed thirteen stroke survivors (M=64.38, SD=6.7 years), eight males 
and five females (see Table 2 for description of the sample). Two major themes emerged from 
data analysis, which provide insight about the experience and impact of sensory changes 
experienced after stroke (see Table 3). The two themes included Daily Life Impact of Sensory 
Function Changes, and Experience and Timing of Sensory Changes. 
Daily Life Impact of Sensory Function Changes 
This theme describes participants’ every-day experiences of sensory changes after stroke. 
Researchers organized these functions according to the "Occupational Therapy Practice 
Framework: Domain and Process" (American Occupational Therapy Association [AOTA], 
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2017), which include visual, hearing, taste, smell, touch, multisensory changes, and sensitivity to 
pressure and temperature. 
Vision changes. Participants experienced many different types of changes in their vision 
that affected their participation in daily activities. A common change was increased sensitivity to 
light. Participant 6 shared “for some reason the light does bother me more.” He expanded more 
on how sensitivity to light affected the completion of his work’s tasks “I’d rather done this 
interview in the dark. When I came in in the morning, I set everything up I do it in the dark.” 
Participant 9, who was active in the community before stroke, noted leaving the house 
was more difficult because sunlight was the most noxious stimuli, “fluorescents didn’t bother 
me, but sunlight was really bad. It really bothered my eyes a lot… I don’t want to go outside as 
much because the sun.” Another change that participants experienced was a visual field loss. 
Participant 2 shared how visual loss impacted his life “My peripheral vision, my left side, about 
10% of it has been eliminated, so I bump into things and I bump into people.”  
Hearing changes. Several participants reported changes in sensory function related to 
hearing. The most salient change discussed was experiencing increased sensitivity to the noises 
around them. Participant 5 described how she felt uncomfortable at her church, a previously 
preferred activity, due to the noise “there is still so much activity and up and down and noise 
level and everything I am just not comfortable with that.” The same participant compared her 
ability to attend quiet activities to crowded activities, she shared: 
I mean we go to the movies occasionally but that doesn’t bother me because it is quiet, 
but in our social, and even our church is sometimes stressful to go to, and I am always 
thinking it should be a nice time to be peaceful and meditating. 
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Participant 3 noticed the sensitivity to noise as an increased startle reflex “when I hear a 
big bang I jump more now, and I didn’t use to do that.” Participant 9 described the increased 
sensitivity as a heightened awareness of sounds while eating, “I can’t stand a fork across a plate.”  
Heightened taste. Some participants experienced changes in the taste of a variety of 
food, and one of them experienced loss of taste. Participant 10 described a temporary loss of 
taste as being “numb” but noted that with time “my taste got better.” Most participants described 
an increase in the sensitivity to taste. Participant 11 described the sensitivity as “some of the 
spices are more potent after the stroke.” In some instances, this improved the flavor of some 
types of food, as Participant 9 shared “I could really taste sweets.” In most cases, however, 
participants described the increased sensitivity as a reason for no longer enjoying certain flavors 
of foods. Participant 2 described a spicy flavor that had increased in sensitivity, “jalapenos 
bother me. They used to not at all but now they do.”  
Smell intolerance and sensitivity. Two participants described a similar experience of an 
increased in sensitivity to smell, both related to food. Participant 11 described his loss of interest 
in eating some food his wife uses to cook that he used to love due to decreased tolerance to smell 
of spices: 
I’ve always loved her food but now some of the spices she uses, I have to tell her not to 
use them. It just makes the food not smell good no more … if it don’t smell good, even 
though I know it taste good, still to me it don’t. 
Additionally, Participant 9 shared similar experiences with sensitivity to the smell of certain 
foods, “right after the stroke just the smell of the spice made me almost nauseous.” She also 
described not being able to eat her favorite food after the stroke because of the smell, “that was 
one thing I really noticed though because I used to love Chinese food.”  
 11 
Altered touch and proprioception. Touch sensations were another area many 
participants described as having changed after a stroke. Common experiences reported were both 
tingling and numbness in upper and lower extremities; “I did have numbness on the right side” 
(Participant 13). However, the unique experience was what Participant 10 described of the 
feeling inside of and around his mouth by alluding to the feeling of Novocain, he said: 
 for my lip down to my chin, this side was numb...So now it’s just the tip on the right 
side, it’s more like, you’ve gone to the dentist and they gave you Novocain to work on a 
tooth. It’s when that Novocain is wearing off, you get that tingling feeling. I have that 
tingling...feeling, all the way up my whole right side from my, split in your lip all the way 
up to my ear.  
Participant 1 noted changes after stroke in his preference to the type of fabric he likes “I 
like soft things a lot more. Like baby blankets.” Whereas Participant 11 noted a change in the 
foods that he used to like before stroke, due to tactile defensiveness “the texture of the food 
bothers me now…I used to love pudding and Jell-O. But now…I can’t eat it…put it in my mouth 
and about gag.”  
Participant 5 shared that due to sensitivity to touch and vibration, she had to change the 
tools she used to use before stroke “I had the power toothbrush and also the Waterpik” but 
“because of the sensitivity I switched to manual and floss instead of those two items.”  
In regards to proprioception, Participant 12 described that he takes additional time to 
complete activities that involve walking as he keeps looking at his foot to ensure safety “I don’t 
feel it right so I gotta make sure I got it planted.” 
Altered multisensory processing. Three participants also described unique experiences 
where they experienced changes in processing multiple sensory stimuli, one of which was 
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auditory. Participant 10 described a difficulty in managing multiple sensory stimuli in his 
environment:  
some of my sensory is a delayed reaction almost...it takes longer. Let’s say four things 
happen at the same time, they’re going to hit me at four different times...So, the crowd is 
moving, a lot of conversation, and somebody else will talk to me, my wife will talk to 
me. And I’ve got to shut everything out, but it takes time to shut it out.  
Those participants still working prior to their stroke noted a difficulty in returning to or 
maintaining work after due to difficulty processing multiple sensory stimuli. Participant 9 who 
worked as a karaoke DJ described her attempt at karaoke after her stroke, she admitted that “I 
love to sing. And I couldn’t do that anymore. I couldn’t process between what I was hearing and 
seeing to make the right notes come.” This processing change made her work difficult, “I was off 
time always, slow. And sometimes I would even be off pitch. And as a karaoke DJ, that is not 
cool.” Additionally, Participant 5 shared the difficulty she experienced during work meetings 
“everybody is talking and trying to pass this or do this, and someone is trying to make a 
presentation, and this is too much.” 
Sensitivity to temperature and pressure. Many participants indicated an increase in 
sensitivity to cold temperatures. Participant 1 described that “I just feel chilly, I don’t feel warm 
and snuggly,” and Participant 4 shared “I seem to be a little colder more often than I was before 
the stroke. Especially my upper body.” Yet Participant 2, who is a marathon runner, explained 
how sensitivity to cold limited his ability to participate in his favorite leisure activity: 
I see me very sensitive to the cold… weather like this used to be ideal running weather. 
Just put gloves and stocking hat on just go out for a run. Used to be something I really 
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enjoyed and now just being outside for a short period seems to bother my left side a little 
more. 
Conversely, Participant 11 shared that he sensitive to heat after stroke “I feel it’s way hotter 
outside even in the winter… I’ve been wearing shorts ever since I had my stroke” 
Participant 10 noted an increased sensitivity to pressure on his leg, although this 
sensation did not carry over to other parts of his body, “I’m very aware of or sensitive to any 
pressure I put on my right side…. It’s real sensitive to that touch…. It’s more than just the 
contact… It’s very noticeable.”  
Experience and Timing of Sensory Changes 
 This theme consisted of two categories related to people’s personal experience of 
sensory changes after stroke: temporal nature of sensory changes, and feelings toward sensory 
changes. 
Temporal aspect of sensory changes. The first category in the second theme describes 
the timing of sensory changes as well as their permanency.  
Most participants experienced sensory changes right after their stroke. When referring to 
his visual changes, Participant 2 indicated that "it was immediately after my stroke.” Some 
participants indicated that their sensory changes didn’t occur until well after the stroke. When 
describing his experience of sensitivity to light and sound, Participant 6 stated, “at least 
anywhere between one-two years I didn’t experience any of these things” Participant 7 indicated 
a delay in the onset of her sensitivity to sound, “I didn’t notice the sensitivity when I was at the 
hospital, it is definitely happened after I left.” 
For most of the participants the sensory changes they experienced were ongoing. 
Participant 1 explicitly stated, “I think after a year or so the temperature one seems to be 
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ongoing” when describing his sensitivity to colder temperatures. However, some participants 
indicated a recovery of some sensory functions. Participant 8 shared “Well I had tingling in my 
left hand real bad for several years but it finally kinda went away.” Participant 11 described the 
progressive recovery of tactile defensiveness in his mouth as well as taste: 
it didn’t work at first. After several months it started getting better. It was about three 
months before I could tell a difference and it was probably nine months before it felt like 
I could taste something throughout my whole tongue. 
Feelings toward sensory changes. In the second category of the second theme, 
participants shared the personal impact that sensory changes had on them. Some survivors shared 
the way they handled sensory changes increased their level of fatigue. For example, Participant 
12 noted “as the day goes by I get tired” as he kept his eyes on his leg, due to lack of input from 
the foot, to maintain his safety. Participant 5 shared feeling fatigued when experiencing multiple 
sensory stimuli at the same time in the church “I got to situations that I feel this is overwhelming, 
you know, that’s...tiring.”  
Many participants had difficulty understanding the nature of sensory changes and what 
was happening to them. Participant 11 described his confusion as to why food textures he had 
enjoyed prior to his stroke now made him gag, “I don’t know. Sounds stupid…I don’t know, I’m 
so confused about what is going on.”  Survivors also described feeling misunderstood by those 
around them, that people cannot understand what exactly the survivors are going through, 
Participant 13 noted “one of the hardest things to get my wife to understand, is how tired you are 
after a stroke.” Participant 11 described the difficulty of getting others to understand sensory 
changes because they aren’t easy to see, “people look at me and say, ‘You don’t look that bad 
off’ but, they don’t see in here” as he pointed to his skull. Participant 5 articulated how she has 
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difficulty describing sensory changes to other people “It’s very different now, I don’t know how 
to describe it, but I cannot get used to it again.”  
Finally, participants expressed the fear that they experienced due to sensory changes. 
Participant 10 described the feeling he gets when he is receiving multiple sensory inputs from 
his environment, “Anxiety, I almost get anxiety attacks, I gotta get away from it.”  
Discussion 
Through this study, researchers aimed to gain a better understanding of the stroke 
survivors’ experience of sensory changes. Participants expressed that they experienced changes 
in various sensory systems; touch, proprioception, vision, hearing, smell, taste, as well as 
changes in the tolerance level to the environmental stimuli. Older people experience natural 
sensory changes (Boyce & Shone, 2006). However, people in the present study didn't report 
sensory changes over time prior to stroke. It is possible stroke exaggerates or hastens sensory 
changes that may occur with aging, however it is also possible stroke causes sensory changes 
unrelated to age. 
A unique finding in this study was the impact of the sensory changes on participants’ 
daily life. Literature has documented the impact on leisure and daily life activities of people with 
stroke. Most often, the nature of the impact is studied in relation to motor or cognitive changes. 
Related to sensory impact, previous research studied the impact of changes in touch and 
proprioception on participation in daily life activities and quality of life among stroke survivors 
(Doyle et al., 2014; Leopold et al., 2018). This is the first study to explore the sensory nature of 
the changes other than touch and proprioception in daily life activities. For instance, difficulty in 
eating could lead to decreased interest in food which in turn may lead to nutritional deficiency 
and weight loss (Green et al., 2008). Taste and smell changes could also impact the enjoinment 
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in dining out with family and friends which may impact social activities or food-related group 
activities. Due to sensory changes as well, stroke survivors may spend more time completing 
their daily routines which lead to fatigue and depression (Dutaa et al., 2013; Wallenbert & 
Jonsson, 2005).  
While participants reported changes in taste and smell immediately after stroke, they 
noticed sensitivity approximately one-two years after stroke. This finding matches the findings 
of a case report of two stroke survivors who confirmed that taste and smell changes occurred 
immediately after stroke and changes were severe in the first three months (Green et al., 2008). 
However, since the onset of sensory changes post stroke is variable, Heckman et al. (2003) 
mentioned that stroke survivors rarely reported changes in taste during their hospital stay 
especially if they experience other changes due to stroke (e.g., motor, cognitive). People tend to 
report sensory changes later in the recovery process, perhaps because early focus is on survival 
and it takes time for stroke survivors to reconcile changes affecting daily life. Another possible 
explanation is that as people return home, sensory changes become more pronounced as people 
begin to re-engage in daily life situations in its real context after they leave the hospital 
(Bouffioulx, Arnould, & Thonnard, 2011). Another explanation could be that people receive 
more support in the first stage of stroke (Kruithof et al., 2015), and they develop self-reliance 
later which might change their need to be vigilant of surroundings. Accordingly, it is important 
to integrate sensory assessments in early stages of rehabilitation and raise the patient's awareness 
toward sensory changes.  
Participants expressed that sensory changes are more subtle than motor changes. Sensory 
changes were difficult to explain by some of the study participants which might contribute to 
being hidden for people around them. Additionally, participants demonstrated the lack of 
 17 
information regarding sensory changes, which made them skeptical about its nature. This 
perhaps also contribute to make these changes invisible to other people. These findings expand 
on previous research where stroke survivors discussed that their somatosensory changes were not 
addressed in therapy and they were left on their own to accommodate sensory changes after 
stroke (Doyle et al., 2014). Increasing stroke survivors’ awareness of sensory changes during 
rehabilitation can help addressing these changes earlier in therapy and encourage stroke 
survivors to develop coping strategies to handle these changes. Moreover, survivors can advocate 
for their needs regarding sensory changes to improve awareness among people surrounding 
them.  
Consistent with previous research, the sensory system that participants discussed the most 
was touch (Bolognini et al., 2016; Tyson et al., 2008). It is interesting to note that participants 
used similar descriptions of what have been reported in the literature. For example, Doyle et al. 
(2014) stated survivors described their touch changes as “it was asleep” and “Novocain”. These 
words were used by our participants as well. As people were consistent in the description of 
sensory changes, this may facilitate the development of sensory assessments for stroke 
population. This research is novel for including sensory changes other than touch. Participants 
reported sensitivity to sound, light, taste, smell, and pressure. Even though sensitivity to 
environmental stimuli was a salient topic shared by the current study participants, few 
researchers have addressed it in the literature.  
Recovery of sensory changes was another worth-mentioning finding that emerged from 
the study data. Most sensory changes reported in the current study were permanent. However, 
one participant described recovery from tactile sensory changes, and another mentioned 
improvement in taste sensation over time. Most of the spontaneous recovery in sensory changes 
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occurs within the first three months after stroke and could be extend to a year (Julkunen, 
Tenovuo, Jaaskelainen, & Hamalainen, 2005). However, previous literature couldn’t support the 
recovery after a year post stroke (Julkunen et al., 2005). It is important to mention that recovery 
process vary greatly among survivors based on multiple factors (e.g., severity of stroke, age; 
Connell, 2007), yet we didn’t find unique characteristics among the two participants who 
reported the recovery.  
Previous research found that changes in the sensory inputs to the brain can change the 
somatosensory cortical organization (Connell, 2007). In other words, a possible explanation of 
the participant’s tactile recovery could be linked to brain plasticity. Research regarding brain 
plasticity in sensory abilities is promising. Ross, Jamali, and Tremblay (2013) suggested that 
repetitive sound stimulation can improve sound perception. Another research study showed the 
impact of multisensory stimulation on activating uni-sensory cortical regions (e.g., auditory, 
visual, somatosensory) after stroke which in turn supports neural plasticity (Polley, Hillock, 
Spankovich, Popescu, Royal, & Wallace, 2008). This evidence confirms the importance of 
rehabilitation in the recovery phase after stroke to support spontaneous recovery and 
neuroplasticity.  
Limitations and Future Directions 
The current study has several strengths and potential future directions for research. This 
is the first study to investigate stroke survivors’ experience of various type of sensory changes. 
This study recruited stroke survivors who were living in the community for at least a year. 
Conversely, most previous studies focused on understanding changes stroke survivors experience 
in the acute stage. It is important to understand how people live their lives after stroke in the 
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community and in their natural context. Future research should consider how survivors cope with 
sensory changes to overcome difficulties that impact their participation in daily life. 
Given the complexity of stroke, we acknowledge that sensory changes don’t happen 
separately from other changes such as cognitive and physical changes. In this study we didn’t 
control for other changes which may have impacted on the sensory processing functions and vice 
versa (Dye, & Pascalis, 2017). Further research is warranted to account for various changes after 
stroke. 
Conclusion 
In conclusion, the findings of this study confirm the sensory changes stroke survivors 
experience after stroke and its impact on participation in daily life activities. While we know 
stroke survivors’ experience of somatosensory changes, few studies have sought to understand 
the lived experience of other sensory changes after stroke and how changes impact their 
participation in daily life activities. The current study indicated that people experience various 
sensory changes (i.e., visual, auditory, vestibular, touch, pain, and sensitivity to sensory stimuli) 
and encounter various difficulties in completing daily life activities due to sensory changes after 
stroke.  
Key messages: 
• Health care providers should be aware of stroke survivors’ sensory needs and 
preferences as they support recovery. 
• Understanding stroke survivors’ sensory changes could help friends, and loved 
ones modify the home/work environment to support survivors’ sensory needs. For 
instance, if a person experiences sensitivity to light after stroke, dimming lights at 
home or work could be helpful.  
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• Health professionals need to consider sensory changes after stroke and develop 
























Sample interview questions 
What changes have you experienced in each sensory system? 
Please tell me about unexpected situations that you needed to cope with because of sensory 
changes. 
Please describe your experiences with sound, light, vibration, and touch after stroke? 
Explain how sensory changes affect your participation in social activities 
How do sensory changes affect the tools that you use on daily 























Participant Age Gender Marital 
Status 






1 65 Male Divorced 
 
Caucasian Left Ischemic 4 
2 63 Male Married 
 
Caucasian Right Hemorrhagic  4 
3 64 Female Married 
 
Caucasian Left Ischemic 2.5 
4 51 Female Single 
 
Caucasian Right  Hemorrhagic 3 
5 74 Female Married 
 
Caucasian Left Hemorrhagic 2.7 
6 64 Male Single 
 
Caucasian Left  Ischemic 6 
7 65 Female Married 
 
Caucasian Right Ischemic 5 
8 63 Male Single Caucasian Right Ischemic 7 
9 55 Female Single American 
Indian 
Right Ischemic 6 
10 69 Male Married Caucasian Left Ischemic 3 
11 59 Male Married Caucasian Left Ischemic 1 
12 71 Male Divorced African 
American 
Right Ischemic 1.5 
13 74 Male Married African 
American 



















Example Sensory Changes and Activities impacted 
Themes Sample of Quotes 
1. Daily Life Impact of Sensory function changes “my eyes are sensitive to light and they are watery 
more than normal before stroke” 
 
“stuff that was bitter...really bothered me. Like 
vinegary” 
 
“I’ve dropped more things than I had before 
because of the numbness in my hand.” 
 
“They were sticking pins in me and I couldn’t feel 
it and I was looking at it and thought I should feel 
it but…I don’t feel anything.” 
 
“when I am going to lay down, to go to sleep, or if 
I want to meditate it is still there ‘indicating ringing 
in ear’”  
 
2. Experience and Temporal Aspect of Sensory 
Changes 
 
 “right after the stroke…the smell of the spices 
made me nauseous” 
 
“two years after stroke when these sensitivity 
things came into play.”  
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Appendix A: Student Training 
For interviewer training we followed the following steps: 
1. For phase one, all students completed the human subject research training offered by 
the university. By completing the training, the students became familiar with the 
ethical standards to conduct research and learned the rules and policies to maintain 
participant's confidentiality.  
2. For phase two, the lead researcher reviewed with the students the qualitative research 
fundamentals and data collection procedures.  
3. For phase three, the student interviewer was trained by first listening to recorded 
interviews and reading the transcripts that the lead researcher had conducted when 
pilot testing procedures. The lead researcher provided feedback on opportunities and 
techniques for probing and also discussed the rationale for the interview questions 
when needed.  
4. For phase four, the student interviewer observed the lead researcher during an 
interview and the student was allowed to ask questions and ask for clarifications after 
the interview.  
5. Lastly, the lead researcher observed the interviewer conducting an interview and 
provided feedback and reflected on what the interviewer did well and any areas of 
improvement. 
We followed the 5-phase Training for the coders as follows: 
1. Coders followed the same two phases interviewer student followed.  
2. The third phase start with the lead researcher reviewing the coding process adapted 
from Graneheim and Lundman (2004). Then, coders were given examples of text 
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segments and how to develop a coding dictionary for that text. During research group 
meetings, the lead researcher demonstrated how to apply the coding dictionary on a 
selected segment of a transcript; then coders jointly practiced the process on selected 
transcripts.  
3. When the coders became familiar with the coding process, the lead researcher 
provided the same transcript for all coders to code independently before the next 
meeting. At the meeting, the lead researcher went through the transcript line by line 
and asked the coders how they coded each part. If there were any discrepancies 
between coders on coding text segments, the group discussed these areas to reach 
consensus on how the text segments should be coded.  
4. Then, each coder individually coded different transcripts and discussed the process in 











































This study examined toothbrushing ability after stroke when using the non-dominant hand 
to manipulate a manual tooth brush. Ten right-handed participants who had had left stroke 
were recruited. The Oral Hygiene Index Score evaluated plaque levels before and after 
brushing. Three tests of sensorimotor skills (Finger Tapping, Nine-hole peg and Jebsen 
Hand Function) estimated functional use of each subject’s ipsilesional, left hand; the Fugl-
Meyer test of motor recovery estimated residual functional use of the contralesional, 
dominant (right) arm. 
Despite this finding, plaque scores in people with stroke after brushing (Median = 1.68) 
differed from the plaque score before brushing (Median = 2.53), Z = -2.67, p = .008, 
indicating stroke participants were able to remove plaque using manual toothbrush with 
their left, non-dominant hand. This study opens a new door for collaboration between 














Each year, approximately 15 million people worldwide are affected by stroke (Kwok, 
Mcintyre, Janzen, Mays, & Teasel, 2015). Stroke is defined as a cerebral focal injury leads to 
neurological deficits, and is a major cause of disability and death globally (Sacco et al., 2013). 
Stroke may affect multiple areas of the brain including the body’s ability to perform motor, 
cognitive, and sensory functions (Duncan et al., 2005). Changes in functional abilities impact an 
individual’s performance in completing activities of daily living (ADLs), such as eating, 
dressing, and personal grooming. Occupational therapy is a profession that helps people to do 
what they want to do in different areas of their lives such as ADLs, work, leisure activities, and 
education (American Occupational Therapy Association, 2016). According to Occupational 
Therapy Practice Framework: Domain and Process (American Occupational Therapy 
Association, 2014) oral hygiene is an ADL.   
Oral hygiene is critical to maintain oral health and the health of other body systems (Stein 
and Henry, 2009). Plaque on tooth surfaces allows bacteria to breed and can cause dental caries 
and periodontal disease, potentially leading to more serious consequences such as tooth and gum 
loss (Petersen, 2003). The primary method for daily oral hygiene is to remove plaque by 
toothbrushing (Hansen & Gjermo, 1971). Efficient plaque removal depends on brush design, 
frequency and duration of brushing, and the skill of the user. The last variable is most pertinent 
to the present study; Zhu, McGrath, McMillan, & Li (2008) found that nearly 84% of study 
participants who had a stroke also had difficulty brushing their teeth during the first month of 
hospital stay after stroke, and about 50% still had problems six months post-stroke. A possible 
contributing factor was difficulty using a single hand appropriately to brush their teeth (Hunter, 
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Clarkson, Fraser, & MacWalter, 2006). Individuals reported concern for poor grip, inability to 
use the affected hand, and ineffective use of the “unaffected” hand to brush efficiently. Yet a 
more recent report on stroke and oral health fails to even mention dexterity impairments as a 
significant barrier to maintaining oral health (Dickinson, 2012). 
Stroke can result in weakness and/or paralysis of the arm/hand opposite to the brain 
injury (i.e. left hemisphere stroke produces right arm/hand paralysis), which is a well-recognized 
source of disability (Nakayama, Jorgensen, Raaschou, & Olsen, 1994). In right-handed people, a 
left hemisphere stroke impairs their dominant (right) hand; clinicians apply a variety of 
therapeutic interventions aimed at restoring function in the dominant hand, but restoration is hard 
to achieve (Barreca, Wolf, Fasoli, & Bohannon, 2003). While researchers and clinicians have 
believed that one hand remains “unaffected”(Sunderland, Bowers, Sluman, Wilcock, & Ardron, 
1999), emerging evidence indicates the contrary; both the “affected” and the “unaffected” hands 
exhibit movement and strength differences after stroke (Kitsos, Hubbard, Kitsos, & Parsons, 
2013). Therefore, in this paper, we will use “less affected” hand to refer to the “non-affected” 
hand. Parsaee, Dehkordi, Dadgoo, & Akbarfahimi (2014) reported reduced speed of movement, 
reduced range of motion, lack of dexterity, difficulties in reaching and manipulative tasks, poor 
coordination, and abnormal timing of muscle action of the “unaffected hand” after stroke. These 
skills are necessary for many ADLs, including toothbrushing. 
Literature suggests different hypotheses regarding the function of less affected hand after 
stroke (Zhang et al., 2015). The first hypothesis is that the function of less affected hand 
decreases to varying degree after stroke; the larger the impairment exhibited by the affected 
hand, the larger the impairment exhibited by the less affected hand (Zhang et al., 2015). The 
second hypothesis suggested that people after stroke exhibit more flexible use of the less affected 
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hand compared with people without stroke (Wetter, Poole, & Haaland, 2005). People after stroke 
use less affected hand in daily activities more frequently to replace the role of affected hand. Left 
hemisphere stroke in right-handed people often results in profound motor impairment of the 
dominant (right) hand. In this case, there also often is an increased reliance on the non-dominant 
(left) hand to maintain independence in daily tasks (Wetter, Poole, & Haaland, 2005). 
Occupational therapists (OTs) collaborate with the clients they serve, health care 
professionals, and caregivers to improve the client’s participation in daily occupations. Previous 
research suggested the importance of the OT’s role on the oral care team as educator, evaluator, 
and oral care consultant (Banovitz, Bellah, and Lion, 2015). Although OTs are equipped with the 
knowledge and skills to collaborate with dental professionals, OTs are not widely integrated in 
oral care teams. Bellomo, et al. (2005) found significant improvement in oral hygiene measures 
for older people in long term care facilities, when OTs became part of oral care team. In that 
study, OTs helped people who had hemiplegia to position themselves at a sink to brush their 
teeth, and taught them a one-handed technique to squeeze toothbrush. OTs can modify the oral 
hygiene tools or environment to improve a client’s oral hygiene (Bellomo, et al., 2005).  
Additionally, there is a critical need to identify potential rehabilitation approaches directed 
toward the non-dominant hand in order for OTs to better facilitate increased performance in 
toothbrushing after stroke, which is important to future patient care.  
The purpose of this study was to examine toothbrushing ability using the non-dominant hand 
after left stroke. 
Research questions 
1. Characterize differences in non-dominant hand function between our group of adults who 
have had a stroke as compared to age-matched peers. We hypothesize participants will 
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demonstrate greater impairment in hand function when using their non-dominant left 
hand compared with age-matched controls who have not had a stroke. 
2. To what extent is non-dominant hand function related to efficiency using a manual 
toothbrush after left hemisphere stroke?  We hypothesize participants with greater 
function of the less affected non-dominant hand will demonstrate a greater reduction in 
plaque levels after brushing. 
3. Does a functional motor assessment of the contralateral dominant hand after left 
hemisphere stroke relate to toothbrushing efficiency using the ispilesional non-dominant 
hand? We hypothesize participants with greater function of the affected hand also will 
demonstrate a greater reduction in plaque levels after brushing with the less affected 
hand. 
Methods 
Study Design and Participants 
This is a cross sectional study design approved by the University IRB. Following 
informed consent, ten participants were recruited from a University Hospital. Participants were 
included in the study if they were 18 years of age or older, right-handed, had had a single 
unilateral left hemisphere stroke, were able to grasp objects using left (non-dominant) hand, had 
at least 50% of their natural teeth (10-12 teeth on top and 10-12 teeth on bottom), and a Montreal 
Cognitive Assessment (MoCA; (Nasreddine et al., 2005) score of 26 or greater. Exclusion 
criteria included history of central nervous disease other than stroke, history of bilateral stroke, 
presence of non-neurological disease/injury (e.g., arthritis or fractures) causing motor disability 
in arms/hands, severe aphasia, absence of at least 50% of teeth (less than 10 teeth on top and less 
than 10 teeth on bottom), and a MoCA score less than 26. 
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Instruments/materials 
• The Montreal Cognitive Assessment (MoCA) ((Nasreddine et al., 2005) is a screening 
tool used to detect mild cognitive dysfunction in adults. The MoCA is a 30-point scale 
divided into 7 cognitive subtests: visuo-executive, naming, attention, language, 
abstraction, delayed recall, and orientation. The MoCA is valid and has excellent test-
retest and interrater reliability (Toglia, Fitzgerald, O'Dell, Mastrogiovanni, & Lin, 2011). 
• The Edinburgh Handedness Inventory (Oldfield, 1971) is a questionnaire assessing hand 
dominance for everyday activities. The Edinburgh Handedness Inventory is valid and has 
good test-retest reliability (Ransil & Schachter, 1994). Participants were asked to report 
which hand they prefer to use in common everyday activities such as writing, drawing, 
throwing, using a spoon, etc.  
• Jamar® Hydraulic Hand Dynamometer (Bertrand, et al., 2007): Used to assess grip 
strength of a participant’s left hand. This Hand Dynamometer is valid for use with stroke 
patients and has excellent test-retest reliability (Hamilton, McDonald, & Chenier, 1992). 
The reported score was the mean of three successive grip strength trials.   
• A Finger Tapping Test (Heller, Wade, Wood, Sunderland, Hewer, & Ward, 1987) 
assessed basic motor control and integrity of the central nervous system. It is valid for use 
with people who have had a stroke, and the test has a high degree of test-retest reliability. 
Participants were instructed to use their non-dominant hand index finger to “tap as fast as 
you can” for 10 seconds. During administration, participant’s palm rest flat on the board, 
with fingers extended, and the index finger rests on a lever attached to a mechanical 
counting device to record the number of finger taps. Participants completed 5 x 10 second 
trials, and were allowed a 30-second rest period in between trials.  
 41 
• The Jebsen Hand Function Test (JHFT) (Jebsen, Taylor, Trieschmann, Trotter, & 
Howard, 1969) was used to assess common daily tasks done with only one hand.. The 
JHFT is a reliable measure that demonstrates sensitivity to detecting weakness in the 
“unaffected” arm (Spaulding, 1988). The JHFT is comprised of 7 subtests, including 
writing, card turning, picking up small objects, stacking checkers, simulated feeding, 
moving light objects, and moving heavy objects. The writing task was omitted for all 
participants due to dependence on hand dominance and level of education (Beebe & 
Lang, 2009). Participants completed the JHFT using only their non-dominant (left) hand. 
The reported score for each subtest was time in seconds to complete the task. Less time to 
compete the tasks indicates greater hand function.  
• Nine-Hole Peg Test (NHPT) (Felder eta al., 1994) is used to measure hand dexterity. 
Participants pick 9 ((0.25 inches) in diameter and (1.25 inches) long) wooden pegs up one 
at a time and place each into one of 9 holes (0.5 inches deep) as quickly as possible. They 
then remove the pegs from the holes one at a time. Participants completed each trial using 
their non-dominant (left) hand. Scores are based on the time taken to complete the 
activity recorded in seconds. More rapid task completion indicates better hand dexterity. 
NHPT demonstrates excellent test retest and interrater reliability (Chen, Chen, Hsueh, 
Huang, & Hsieh, 2009).  
• Fugl-Meyer Motor Assessment (FMA) (Fugl-Meyer et al., 1975) is a widely-used 
assessment measure to evaluate motor impairment after stroke (Gladstone et al, 2002). 
Here, the FMA was used to evaluate post-stroke function of the affected (right) arm. 
FMA sections include measures of the hemiplegic arm function, leg function, balance, 
light touch sensation, proprioception, range of motion, and joint pain. Each section was 
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scored separately. Since our focus is on arm function, we only assessed and scored the 
arm function section. The maximum score for arm function is 66 points, with higher 
scores indicating greater function. Evidence supports the FMA is valid and sensitive for 
detecting arm function after stroke, and that it shows an excellent test-retest reliability 
(Sullivan et al., 2011).  
• Oral Hygiene Index (OHI) (Green & Vermillion, 1960) is comprised by a combined score 
of debris index and calculus index, by evaluating each tooth within the oral cavity. Debris 
(plaque) is defined as “the soft foreign material consisting of mucin, bacteria, and food 
that is loosely attached to the tooth surface” (Podshadley & Haley, 1968, p. 259). If 
plaque is not removed regularly, it hardens to form calculus (Green & Vermillion, 1960). 
We evaluated each tooth for debris and calculus on the buccal and lingual surfaces using 
ordinal scales (Table 1). An oral hygienist scored each tooth, then calculated a mean 
plaque index by adding the score of plaque on the facial, buccal, and lingual surfaces of 
all teeth, and dividing by the number of teeth examined (Figure 1). All teeth on upper 
(maxillary) and lower (mandibular) arches were evaluated (Figure 2). The surfaces of 
crowns and bridges were excluded from the analysis. The difference in pre-bushing and 
post-brushing scores was calculated for each participant to determine efficiency of 
toothbrushing. 
<insert Table 1 here> 
<insert Figure 1 here> 





Participants were instructed not to brush teeth 12 hours prior to the visit to ensure time 
for plaque to build up on the teeth. Participants completed screening and testing procedures in a 
quiet, distraction-free university laboratory. 
A researcher evaluated the participant for eligibility to participate in the study upon 
arrival. A registered dental hygienist conducted oral screening. Participants were seated 
comfortably and asked to remove any dental appliances. The oral screening determined 
participant eligibility and confirmed the participant was not allergic to dental disclosing agent 
used in this study.  
Eligible participants engaged in sensorimotor tests and were asked about oral hygiene 
routines, frequency of toothbrushing, and type of toothbrush. The dental hygienist used a cotton 
swab to apply disclosing agent to all tooth surfaces, and then recorded a plaque index score for 
each tooth using the Oral Hygiene Index.  
Participants were instructed to stand in front of a mirror and brush their teeth using a manual 
toothbrush using only their non-dominant (left) hand continuously for a timed two-minute 
period. Toothpaste and water were not used, in order to assure plaque removal occurred 
exclusively from brushing. The participants were instructed to brush each quadrant of their 
mouth for thirty seconds, with the researcher using a stop watch to announce 30-second intervals. 
No other instructions were given. After brushing, the oral hygienist used a disclosing agent again 
to obtain the post-brushing OHI score.  
Data Analysis 
We used IBM: SPSS (v. 23) to perform statistical analysis. All statistical tests of 
hypotheses employed a level of significance of alpha= 0.05. A one sample t-test examined 
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whether a significant difference between our sample and the population norms was present in 
performance of sensorimotor tests. Wilcoxon Signed rank test for two related samples 
determined the effectiveness of toothbrushing while using the non-dominant hand. Spearman's 
rank correlation examined the relation of OHI score and the results of sensorimotor testing. We 
also conducted the non-parametric Friedman test to examine statistically differences among 
plaque scores for different tooth surfaces and arches (maxillary lingual, maxillary facial, 
maxillary buccal, mandibular lingual, mandibular facial, mandibular buccal).  Unless otherwise 
noted, data were expressed as means ± 1 standard deviation (SD).  
Results 
Ten participants (56±11 years), 5 males and 5 females, who all had a left hemisphere 
stroke (11 ± 9 years earlier) participated in the study. Of the 10 participants, there were 9 
ischemic and 1 hemorrhagic strokes. Most participants (60%) reported using a manual 
toothbrush, while 40% reported using a powered toothbrush.  
Results showed OHI score after brushing (Mdn = 1.68) significantly differed from the 
OHI score before brushing (Mdn = 2.53), Z = -2.67, p = .008. There were no statistically 
significant differences between the plaque scores of different tooth surfaces (buccal and lingual), 
χ2(3) = 4.99, p = 0.18. Additionally, there were no statistically significant differences between 
the plaque scores of different mouth arches (upper arch=maxillary, lower arch=mandibular) (Z = 
-1.34, p = 0.18). 
Scores of dexterity tests from our sample and those of age-matched individuals without 
stroke who also using their non-dominant left hand appear in Table 2. Results showed significant 
differences between participants’ scores from card turning (M= 18.73, SD=12.14), simulated 
feeding (M= 18.73, SD=12.140), and moving heavy objects (M= 18.73, SD=12.14) compared 
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with the general population [t (9) = 3.42, p = .008; t (9) =2.23, p = .05; t (9) =2.25, p = .05]. 
Participants who had a stroke needed more time to complete NHPT (M=26.6, SD=2.76; t (9) 
=8.73, p<0.001) when compared with people who have not had a stroke using their non-
dominant, left hand. 
<insert Table 2 here> 
Spearman Rank correlation between change in OHI and the sensorimotor tests showed 
that there is no correlation with OHI change score (Table 3). Additionally, the correlation 
between plaque score and FMA score was also non-significant. There was a significant negative 
correlation between JHFT score and FMA score, that is persons having a lower score in JHFT 
(better function), showed a higher score in FMA (better function) rs= -0.652, p=0.04. Plaque 
score demonstrated a significant correlation with years since stroke (rs =.571, p=0.04), that is the 
longer since the person had the stroke, the more plaque he/she removed through brushing.  
We also ran correlations between each subtest of JHFT and the OHI score. “Simulated 
feeding” exhibited a statistically significant negative correlation with change in OHI (rs=-0.68, 
p=0.04), that is participants with higher scores on this subtest tended to have less change in OHI.  
<insert Table 3 here> 
Discussion 
To our knowledge, this is the first study to examine toothbrushing ability using non-
dominant hand among the post-stroke population. This study found individuals who sustained a 
left hemisphere stroke and are right hand dominant can remove plaque effectively using their 
non-dominant, less affected left hand. Our results also showed that participants with better 
function in their affected hand (measured by FMA) also demonstrated better function in the less 
affected hand (measured by JHFT). Kenney et al. (1975) suggests manual dexterity is very 
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important in demonstrating good oral hygiene. Our findings didn’t support the correlation 
between the changes in OHI score and dexterity skills.  
It is not uncommon for people after stroke to resort to using the less-affected upper 
extremity for daily activities, particularly when the affected extremity is more severely impaired. 
Prior research suggests a positive correlation between affected hand impairment and less-
affected hand function in the execution of skilled task (Zhang et al., 2015), meaning greater 
impairment of the affected hand is associated with reduced dexterity of the less-affected hand. 
Our results are consistent with previous work, but we did not find that decreased function in the 
less-affected hand translated to poorer toothbrushing ability, as suggested by previous literature 
(Kenney et al., 1975). We believe perhaps that the sensorimotor tests used (i.e., JHFT and 
NHPT) do not accurately represent the skill of toothbrushing. Toothbrushing involves more than 
fingers dexterity skills. Consideration must also be given to the individual’s need to grasp 
toothbrush and move it back and forth, up and down to brush all teeth surfaces which mainly 
comprises wrist and shoulder range of motion (Schaefer and Wex, 2015). This could perhaps 
explain the absence of correlation between toothbrushing and dexterity tests, and support the 
correlation between OHI and “simulated feeding” as both tasks are predicated on use of shoulder 
and wrist movements.  
The literature also suggests handedness plays an important role in the outcome of oral 
hygiene (Kenney et al., 1975; Padilha et al., 2007). Our study showed no correlation between 
dexterity tests and plaque scores using the left, non-dominant hand. Our results are consistent 
with another study that reported older individuals demonstrated a highly correlation between 
dexterity of the right, dominant hand and plaque score and no correlation between left, non-
dominant hand dexterity and plaque scores (Padilha et al., 2007).  
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Toothbrushing is a learned skill that individual learn over time through repetition and 
practice (Aunger,2007). Therefore, toothbrushing creates its own internal schema in the brain as 
a habit or routine behavior (Aunger,2007). A Schema is created for familiar activities to make it 
easier for the individual to retrieve information automatically related to motor sequence and 
action organization. Individual after stroke may have trouble complete toothbrushing using the 
dominant hand they used to use before the stroke as a result of the motor and sensory changes. 
However, the person may still have a deeply ingrained neuronal model for toothbrushing scaffold 
the development of the other hand’s performance. This could perhaps explain the correlation we 
found between longer post-stroke experience and greater plaque removal after brushing. The 
availability of toothbrushing schema and practice using the less affected hand may have enabled 
our longer post-stroke subjects to improve effectiveness of using their less affected hand over 
time, as has been suggested in the literature for other tasks (Duque, Mazzocchio, Stefan, 
Hummel, Olivier, & Cohen, 2008; Serrien & Strens, 2004).Brushing using the non-dominant 
hand after stroke may feel awkward first, but using the available toothbrushing schema over time 
support using the non-dominant hand in toothbrushing.  
A previous study by Carery et al., (2002) suggested practice does play an important role 
in improving the function of the less affected hand after stroke. Takeuchi and Izumi (2012) 
demonstrated that the activity of the contralesional side of the brain is increased during 
functional activities compared with its role in people without stroke. The longer the post-stroke 
interval, the greater the opportunity the individual has to practice using the less affected hand in 
daily activities. However, increased maladaptive use of the less affected hand could lead to a 
poor motor function of the affected and the less affected, in addition to postural complications 
(Takeuchi and Izumi, 2012). In order to avoid these complications and facilitate skill acquisition 
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in toothbrushing using the less affected hand, OTs need to be integrated into the oral health care 
team to facilitate proper practice of the skill.  
The literature supports powered toothbrushes as being able to remove more plaque than manual 
toothbrushing in healthy individuals using their dominant hand; however, it is uncertain whether 
the same would hold true with the stroke population. While dental professionals recommend 
some form of a powered toothbrush for patients who have physical disabilities (Bodnar et al., 
2008 ), post stroke hemiparesis presents a unique challenge particularly when it affects the 
dominant hand, as there exists an aspect of relearning and practicing using the non-dominant 
hand. In the present study, our subjects demonstrated the ability to reduce plaque by manual 
toothbrushing using their left-non dominant hand. Utilizing intact schemas with guided practice 
may be helpful in facilitating more effective manual toothbrushing. Giving  patients with stroke 
opportunities to use the less affected hand in many daily activities may directly enhance 
rehabilitation of the affected hand (Zhang et al., 2015), increase motivation, enhance self-esteem, 
and speed functional recovery. 
Conclusion 
Participants in our study were able to remove plaque efficiently using their non-dominant hand 
holding a manual toothbrush. Our study supports that people were able to remove plaque 
efficiently using the non-dominant, less affected. While there was a correlation between the 
functional capacity of the affected hand and the manual dexterity of the less-affected hand, this 
relationship was not reflected on participant’s ability to remove plaque using the less-affected 
hand. If a client chooses to use a manual toothbrush, therapists should examine functional 
capacity of both the affected and less-affected hands to determine which to use for brushing 
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 Our finding suggest greater length from initial stroke onset provides more opportunity to 
practice using the less affected hand in toothbrushing. In this regard, OTs role is essential in oral 
health care team and this study opens a new door for interprofessional collaboration between 
dental hygienists and OTs, focused on improving oral hygiene of people after stroke. 
Rehabilitation of the less affected hand warrants additional consideration, particularly for 
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Criteria for Classifying Debris/ Calculus 
Score Criteria 
0 No debris/calculus present 
1 Debris/calculus covering < 1/3 of tooth surface 
2 Debris/calculus covering > 1/3 and < 2/3 of tooth surface 















Figure 2. Tooth surfaces; buccal, lingual, 
and facial. Adapted from Root-Canal-




Figure 1. Dental arches; maxillary and 
mandibular. Adapted from Root-
Canal-Info.com. Copyright© [2006-




















 Mean SD Mean SD Sig (p) 
Card turning 5.62 1.84 18.73 12.14 0.008 
Picking up small 
common objects 
6.73 1.31 6.17 1.38 0.23 
Stacking checkers 8.05 1.38 8.97 1.52 0.09 
Simulated feeding 5.21 1.47 9.42 5.97 0.05 
Moving light objects  4.01 0.74 4.27 0.85 0.36 
















Summary Statistics and Correlations Between Sensorimotor Tests 
and Change of OHI Score 








FMA 47.10 22.66 .43 .26 
JHFT 52.24 18.26 -.43 .24 
Nine-hole peg 26.61 2.76 -.27 .49 
Grip Strength 51.53 24.24 .09 .81 
Tapping test 43.84 6.65 .19 .62 





































The purpose of this study was to explore sensory processing patterns for individuals after 
stroke and how it related to perceived level of fatigue, and motor abilities. We recruited 
eight stroke survivors living in the community at least one-year post stroke. Outcome 
measures included the Adolescent/Adult Sensory profile, Fugl-Meyer Assessment, and the 
Fatigue Short Form Questionnaire from the Neuro-QOL measures. Spearman's rank 
correlation showed no correlation between the level of fatigue perception and motor 
function. Although we found no significant correlation between FSFQ total score and 
sensory patterns, we did find a significant correlation at the items level score (e.g. 
correlation between Seeking pattern and question six “I was frustrated by being too tired to 
do the things I wanted to do” (rs = -0.80, p = 0.02)). It is proposed that Adult sensory 
profile may be a valuable part of a stroke recovery assessments to improve insight about 
sensory patterns.  













Sensory processing is a construct that refers to the ability of the nervous system to 
receive and respond to the internal and external sensory information (Dunn, 1997). The nervous 
system integrates these stimuli to map a person’s experience within different environments. 
Sensory systems affect cognitive and behavioral functions, which could affect a person’s life 
experience. Changes in sensory systems and sensory processing could lead to further changes in 
cognitive and behavioral functions (Chung & Song, 2016). 
  Stroke is one of the most common neurological conditions experienced by adults in the 
United States (Roger et al., 2012). Changes in motor, sensory, and/or cognitive abilities are 
common after stroke, and these changes influence functional performance and quality of life 
(Desrosiers et al., 2003). Although sensory changes are common after stroke (Connell, 2008) and 
they are related to motor changes (Campfens et al., 2015; Schabrun & Hillier, 2009), 
rehabilitation strategies tend to focus attention on motor changes and neglect addressing sensory 
changes. Individuals may experience changes in awareness to environmental stimuli (their ability 
to perceive sensory information from inside and outside the body) which affects functional 
performance and quality of life (Schabrun & Hillier, 2009). For example, postural control is 
important for functional activities such as mobility which is highly dependent on the awareness 
and integration of visual, proprioception, and vestibular information. Shumway-Cook and 
Woollacott (2000) suggest that changes in environmental sensory stimuli could affect postural 
control. Table 1 highlights examples regarding motor changes and its sensory components, and 
possible intervention strategies directed toward the sensory components. 
<Place Table 1 about here> 
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Fatigue after stroke is a complex phenomenon that is poorly understood in research due 
to its subjective definition (Parks et al., 2012). De Groot et al. (2003) defined fatigue in 
neurological diseases as “a feeling of physical tiredness and lack of energy that is described as 
pathological, abnormal, excessive, chronic, persistent or problematic” (p.1715). The prevalence 
of fatigue among the stroke population is higher than people without stroke (Egerton et al., 
2015). Thirty-nine to seventy-two percent of stroke survivors reported fatigue as one of the main 
factors affecting participation and completion of activities of daily life (Colloe et al., 2006). 
Fatigue among stroke survivors was associated with depression, anxiety (Snaphaan, Van Der 
Werf, & de Leeuw, 2011), poor functional outcome, low quality of life (van de Port et al., 2007), 
and could also lead to social life withdrawal (Flinn & Stube, 2010). Previous research also found 
fatigue to be correlated with higher dependency in activities of daily living (Carlsson, Moller, & 
Blomstrand, 2008), longer hospitalization (Morley, Jackson, & Mead, 2005), and lower rate of 
participation in rehabilitation after stroke (Glader, Stegmayr, & Asplund, 2002). Stroke survivors 
reported that they have started experiencing fatigue at the time of stroke. They also mentioned 
exercise, good sleep, rehabilitation and rest as factors to reduce fatigue (Barbour & Mead, 2011). 
Some researchers consider fatigue an internal sensory cue. Gijsbers van Wijk and Kolk 
(1997) reported that the way people experience external sensory stimuli could affect their 
experience of fatigue. Too many or too few external sensory stimuli can lead to feeling 
overwhelmed or bored, which may trigger fatigue. Exertion fatigue can result from the physical 
effort (e.g. household chores, exercises), or mental effort (e.g. play puzzle, or remember 
something that is hard to remember) needed to accomplish daily tasks. Pathologic fatigue is 
associated with a disease, is chronic in nature and usually remains regardless the physical or 
mental effort exerted (Tseng et al., 2010). People with stroke identify environmental conditions, 
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such as noise and crowds, as main factors contributing to their experience of fatigue (Barbour & 
Mead, 2011). The environment is rich with sensory stimuli that could play a role in fatigue 
perception, especially if the nervous system finds these external stimuli as too many or too few 
to be processed. Colbeck (2016) studied the relationship between fatigue and sensory processing 
among people with Multiple Sclerosis (MS). Colbeck reported the importance of including 
sensory processing to the MS evaluation toolbox. Different sensory processing patterns were 
found to be correlated with the fatigue perception among MS population. Such evidence is 
limited among stroke population.                                                                                                                                                                                                                                                                                                                                                                                              
Dunn’s sensory processing framework suggests variations in behavioral responses to 
sensory information are derived from differences in a person’s neurological thresholds (2014). 
People with high thresholds need more sensory input to respond to sensory stimuli, while people 
with low thresholds notice sensory stimuli very easily and are sensitive to environmental 
stimulation. Individuals may either actively control the amount of the sensory input they 
experience (i.e. active self-regulation) or let the sensory stimuli happen then react (i.e. passive 
self-regulation; Dunn, 2007). Depending on various combinations of neurological thresholds and 
self-regulatory behavioral responses, four different sensory patterns have been established for 
how people experience their sensory environments (Dunn, 2014). Individuals with high 
neurological thresholds experience a low registering or sensory seeking pattern. People with 
registration pattern respond slowly to sensory stimuli since they fail to detect sensory inputs as 
other people do. People with seeking pattern seek out sensory stimulations from the environment 
and enjoy experience sensory-rich activities. Conversely, individuals with low neurological 
thresholds experience sensory sensitivity or sensation avoiding patterns (Brown et al., 2001). 
People with sensitivity pattern are easily distracted from environmental sensory stimulations, but 
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they did not tend to avoid these undesirable stimulations. People with avoiding pattern avoid 
sensory stimulations by limiting the sensory inputs to their nervous system. Literature suggests a 
person’s sensory processing patterns impact behaviors and personality traits (Dunn, 2001) and 
social behaviors (Dunn, 1997) and affect (Engel-Yeger, and Dunn, 2011).  
Sensory patterns tend to be the same across lifespan, however, sensory maps created in 
the brain could be changed throughout life due to exposure to different environmental stimuli 
and participation in different activities Dunn (2001). This study will explore sensory processing 
patterns for individuals after stroke and its relationship with fatigue perception and motor skills. 
This may offer a novel and important means of assisting stroke survivors to return to regular 
activities and attain a higher quality of life. 
Research questions and Hypotheses  
1. Do people who have experienced stroke have different intensity of sensory patterns 
compared with the normative sample?  
We hypothesize that adults who have had a stroke have different intensity of 
sensory patterns compared with norming sample. 
2. What are the relationships between sensory patterns, motor changes, and fatigue 
perception post stroke?  
a. We hypothesize that there will be relationships between sensory processing 
patterns, motor changes, and fatigue perception post stroke. 
b. We hypothesize that fatigue is positively correlated with sensory processing 
patterns associated with a low neurological threshold (that is; sensory sensitivity 





Eligible subjects were stroke survivors 18 years of age or older and living in the 
community at least one year post stroke. Researchers recruited participants from a community-
based program in a large Midwestern city. To ensure participants understood and could respond 
to basic interview questions and study questionnaires, we only included participants who scored 
26 or higher on the Montreal Cognitive Assessment (MoCA) and excluded participants who had 
a receptive aphasia diagnosis (based on medical records). We also excluded participants who had 
history of other central nervous system diseases (e.g., Traumatic Brain Injury) or had been 
diagnosed with dementia.  
Measures 
The Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005). MoCA is a 
screening tool used to detect mild cognitive dysfunction in adults. The MoCA is a 30-point scale 
divided into 7 cognitive subtests: visuo-executive, naming, attention, language, abstraction, 
delayed recall, and orientation. The MoCA demonstrates excellent internal consistency 
(Chronbach’s alpha = 0.78) and correlation with other cognitive assessments (MMSE, r = 0.79; 
FIM, r = 0.67). The exclusion criteria for participation is a score of < 20, recommended as the 
cutoff value to protect against enrolling participants who have difficulty comprehending simple 
instructions (Chiti and Pantoni, 2014). 
Adolescent/Adult Sensory profile (AASP; Brown & Dunn, 2002). This is a self-report 
measure of person’s response to sensory lived experience. Individuals respond to a 5-point Likert 
scale (almost always to almost never) to describe the frequency of behaviors in each sensory 
experience. Sixty items of this measure are organized among the four categories of sensory 
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patterns corresponding to Dunn’s Sensory Processing Framework: Low registration, Sensation 
seeking, Sensation avoiding, and Sensory sensitivity. AASP has good internal consistency for 
adults and older adults (.692 for Low Registration, .639 for Sensation Seeking, .657 for Sensory 
Sensitivity, and .699 for Sensation Avoiding; Brown & Dunn,2002). Previous research showed 
that people after stroke had validly filled out the sensory profile (Chung & Song, 2016). 
Fugl-Meyer Assessment (FMA; Fugl-Meyer et al., 1975). The FMA is a widely-used 
assessment measure to evaluate movement ability after stroke (Gladstone et al, 2002) including 
upper extremity (UE) function, lower extremity function, balance, sensation, position sense, 
range of motion, and joint pain. Each section can be scored separately, and we will assess the 
affected arm to evaluate UE function after stroke. The FMA is valid and sensitive to detect UE 
function after stroke and shows excellent interrater reliability (r= 0.98-0.995; Duncan et al, 
1983).  
The Fatigue Short Form Questionnaire (FSFQ, Cella et al., 2012) is one of the 
thirteen quality of life (QOL) measures within the Neuro-QOL. From these thirteen self-reported 
QOL measures, the researchers found all measures were reported as reliable (Cella et al., 2012). 
The FSFQ asks eight questions about feelings of fatigue and how it affects their ability to engage 
in occupations. The response for each question is ranging from 1 to 5. A total score was 
calculated by summing the value for each question. The higher the score the higher the fatigue 
the individual experiences.  
Procedures 
 The study utilized cross sectional study design approved by the University IRB. 
Researchers administered MoCA and reviewed participant’s charts to determine eligibility to 
participate in the study. Then they obtained written informed consent from each participant who 
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agreed to participate in the study. Two evaluators administer the series of behavioral 
assessments, in addition to a demographic questionnaire, while participants in a seated position. 
Total testing time for the behavioral assessments took approximately 1-1/2 hours. Assessments 
were completed at the community-based program over two months.  
Data Analysis 
  We used IBM: SPSS (v. 23) to perform statistical analyses. All statistical tests of 
hypotheses employed a level of significance of alpha= 0.05. A one sample t-test examined if 
there were significant difference between the mean of our sample in of each the sensory patterns 
of the AASP and the established mean of sensory pattern in the literature for people without 
stroke. Spearman's rank correlation examined the relation of sensory processing patterns and the 
scores of other assessment measures.  
Since we have small sample size, AASP categories (‘Much less than most people’; ‘Less 
than most people’; ‘Similar to most people’; ‘More than most people’ and ‘Much more than most 
people’) were collapsed into three categories (less than most people, similar to most people, 
more than most people) which yielded to higher number of responses in each category (Engel-
Yeger & Dunn, 2011).  We used descriptive analysis to examine demographic information and 
frequency of responses within categories in each sensory pattern. 
Results 
Eight participants (M=63, SD=6 years), 4 males and 4 females met eligibility criteria to 
participate in the study. All participants reported race as Caucasian. Four participants 
experienced ischemic stroke, and four of them experienced hemorrhagic stroke. The average 
years post stroke was six years (M=6, SD=5). Descriptive statistics indicated that the average 
score for the Registration pattern was (M=36.8, SD=9.3), for the Seeking pattern (M=49.6, 
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SD=9.0), for Sensitivity pattern (M=34.6, SD=6.9), and (M=33.4, SD=7.0) for Avoiding pattern. 
In reviewing sensory pattern descriptive statistics in Table 2, there were no significant 
differences between study participants and normative sample regarding the averages score of 
sensory processing patterns. Figure 1 illustrates the frequency of behaviors in AASP categories 
for each sensory pattern. While fifty percent of participants appeared to have similar intensity of 
sensory patterns compared to the norming sample, twenty five percent of participants responded 
with fewer seeking responses than average. 
<Place Table 2 about here> 
<Place Figure 1 about here> 
Although we didn’t find a significant correlation between total score of perceived level of 
fatigue and sensory processing patterns, we found multiple correlations between specific items of 
FSFQ and sensory processing patterns (see Table 3). We found a strong negative correlation 
between seeking pattern and item five “I was too tired to leave the house” of FSFQ (rs = -0.75, p 
= 0.03). We also found a strong negative correlation between seeking pattern and item six “I was 
frustrated by being too tired to do the things I wanted to do” of FSFQ (rs = -0.80, p = 0.02). 
There was a strong correlation between avoiding pattern and item five “I was too tired to leave 
the house “of FSFQ (rs = 0.79, p = 0.02). Item two of FSFQ “I felt that I had no energy” was 
strongly correlated with avoiding pattern (rs = 0.75, p = 0.03). Question three of FSFQ “I felt 
fatigued” was strongly correlated with sensitivity pattern (rs = 0.82, p = 0.01).  
<Place Table 3 about here> 
Regarding the correlation with motor function, we found no significant correlation 
between motor abilities and sensory processing patterns. We also found no significant correlation 
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between the level of fatigue perception and motor function; neither for the total fatigue score, nor 
for the FSFQ item level score (see Table 3). 
Discussion 
This study investigated the relationship between sensory processing, fatigue, and motor 
skills. Sensory processing describes a person’s response to internal and external sensory 
information. This construct has been studied extensively in other neurological conditions, such as 
autism. However, few studies have sought to study the sensory processing patterns in people 
with stroke despite qualitative evidence that changes in sensory processing may be a limiting 
factor in people’s daily life (Carlsson, Moller & Blomstrand, 2009). The study findings showed 
that people after stroke exhibited similar sensory patterns as those exhibited by the norming 
sample. 
Some people after stroke demonstrated changes in individual sensory systems (such as 
touch and proprioception, Carey, 1995)); therefore, we hypothesized that sensory processing 
patterns might also change. Since we don’t have the data regarding individual’s sensory patterns 
before stroke, we hypothesized that the frequency of sensory responses (indicated through scores 
for the sensory patterns) for people with stroke would be different from the norming sample. Our 
findings showed no significant differences between sensory processing patterns among stroke 
survivors and the norming sample of people without stroke. These results are in line with most of 
the reported data from the Sensory Profile literature that sensory patterns remain the same across 
time (Dunn,2001).  
In another study, researchers found that sixty-seven percent of the stroke population 
reported similar intensity of sensory patterns reported by non-stroke population (Chung and 
Song, 2016). Sensory processing involves organizing more than one sensory modality. Pohl et al 
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(2016) highlighted that there is a difference in evaluating acuity and evaluating sensory 
processing patterns, since changes in acuity don’t necessarily mean changes in sensory 
processing patterns overall (Dunn, 2001). For instance, a person who registers sensory input 
faster than others (low sensory threshold pattern) may be more likely to notice the temperature of 
a cup of coffee compared to a person who has a registration (high threshold) sensory pattern. If a 
stroke reduces the person with a low threshold’s touch acuity, there is a higher likelihood that 
this person needs more input to notice the cup temperature compared to himself before stroke 
(maybe he will start acting like an individual who has a registration pattern in terms of touch 
sensation). However, he may still be as sensitive to sound (auditory) or light (visual) as he was 
before the stroke. Therefore, evaluating the person’s sensory acuity changes after stroke as well 
as gathering information regarding sensory processing pattern using the AASP will provide the 
best understanding of sensory profile after stroke.  
Twenty five percent participants responded with fewer seeking responses than average. 
One explanation is that people after stroke may experience sensory changes, such as with touch 
responsiveness, which may decrease the actual sensory input. Moreover, Pohl, Dunn and Brown 
(2003) found that older people in the general population sought less sensory inputs compared 
with the younger people which may explain why our study participants also exhibited less 
engagement than most people in sensation seeking behavior. Perhaps seeking less input is related 
to being an older adult rather than to having a stroke.  
Chung and Song (2016) also mentioned that people with stroke may have difficulty 
pursuing environmental stimuli to meet their high neurological threshold. For example, a person 
who had a stroke with associated motor and sensory changes may find it hard to participate in 
outside activities (e.g., restaurants, concerts), reducing exposure to external environmental 
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stimuli. Also, environmental barriers, such as inaccessible public toilets, may limit ability to 
reintegrate in activities that meet their neurological threshold (Urimubenshi & Rhoda, 2001). For 
instance, a person who is a seeker and used to seek sensation through participating in outdoor 
social activities, will have difficulty seeking the same sensation after a stroke if the environment 
is not accessible. These results invite health care professionals in general, and occupational 
therapy specifically, to understand the influence of sensory patterns on different aspects of daily 
life activities. For instance, an occupational therapist working with a stroke survivor who has a 
registration pattern, may provide a video with exercise demonstration in addition to the usual 
exercise verbal instructions to help the client do the exercise correctly. In the latter example, the 
person may show better understanding of the exercises as additional stimulation (i.e. vision) was 
added to the usual hearing stimulation (i.e. verbal instructions). Therapists also will be able to 
recommend therapeutic activities based on the client’s sensory preference. For example, a client 
who is a seeker prefers to participate in activities with rich sensation (e.g. climbing, dancing). An 
individual who has a sensitive pattern may perform better in therapeutic activities if the 
environment has little distractions since he/she is easily distracted by environmental stimuli.  
Correlations between Sensory Processing patterns, fatigue, and motor skills 
In this study, we aimed to understand the contribution of sensory processing patterns in 
fatigue perception after stroke. Colbeck (2016) aimed to understand the contribution of sensory 
processing in fatigue perception among thirty people with MS. Colbeck (2016) found that low 
threshold sensory processing patterns (i.e., sensitivity and avoiding) correlate with cognitive 
fatigue and should be considered when evaluating fatigue among MS population.  
In the present study, sensory patterns did not correlate with overall fatigue score of 
FSFQ. However, sensory processing patterns were correlated strongly with activity-based related 
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questions of FSFQ; for example, seeking pattern was negatively correlated with question five “I 
was too tired to leave the house”. It is possible that people who feel less fatigued leave the house 
more often, which supports engagement in more sensation seeking behaviors. Conversely, this 
finding could demonstrate that people who seek sensory input find ways to leave the house to get 
the input they need, regardless of fatigue. The results also showed that the less people felt 
frustrated or tired carrying out daily activities, the more they engaged in sensation seeking 
behaviors. Or in other terms, a person who is a seeker feels less fatigued participating in daily 
activities.  
Particular fatigue items were correlated with Sensitivity and Avoiding patterns as we 
hypothesized. These two patterns are low threshold patterns, which means people have high 
ability to notice environmental stimuli. The results indicated that people who are distracted or 
overwhelmed by environmental stimuli feel more fatigued and have no energy. Maybe people 
with low threshold patterns are overloaded with external sensory cues and feel overwhelmed, 
which directed their attention to internal cues (i.e., fatigue). For example, a person who has 
Sensitivity pattern, who notices stimuli more easily than others, visits a movie theater and 
becomes distracted by the crowds, movement and sounds. This may cause them to feel fatigued 
and tired throughout the activity or when they get home. 
Our findings indicate that there is no correlation between motor abilities (measured by 
FMA) and perceived level of fatigue. This may suggest that the level of motor impairment 
caused by stroke does not necessarily play a role in the perceived level of fatigue. These findings 
support previous research that suggested no correlation between physical function (Ponchel et 
al., 2015) and motor activity and inactivity with fatigue (Egerton et al., 2015). These results are 
consistent with literature showing fatigue after stroke is not exclusively a physical fatigue instead 
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it a multifaceted phenomenon (Parks et al., 2012). Muina and Guidon (2013) reported that 
activity related fatigue and mental fatigue were the most common types of fatigue after stroke. In 
our study, we tested the general fatigue which may explain the absence of correlation between 
fatigue and physical abilities.  
According to Dunn’s framework (2014), a person exhibits specific sensory patterns as 
he/she uses passive or active behavioral strategies in responding to neurological threshold. Motor 
changes play a role in people’s participation in daily life activities since these changes affect 
their mobility and ability to react to environmental stimuli (Hunter,2002). So, we anticipated that 
strategies of self-regulation in reacting to environmental stimuli (passive vs active) correlate with 
motor ability. For example, people with less motor changes have sensory patterns of active self-
regulation behaviors (i.e. Sensation seeking and Sensation avoiding). Contrary to our hypothesis, 
there was no relationship between sensory processing patterns and movement abilities after 
stroke. We postulate that perhaps people after stroke develop coping strategies that match their 
sensory preferences to cope with environments. This highlights the importance of orienting 
individuals to their sensory preferences and help them to develop coping strategies and select 
activities that match their sensory patterns.  
Conclusion 
Study findings reveal the possible influence sensory processing has on fatigue perception. 
The Adult Sensory Profile can be a valuable contribution to stroke recovery assessments to 
improve an individualized rehabilitation plan. By improving people’s insight about their sensory 
patterns, they will be able to use strategies that match their patterns to manage their environment 
and improve participation in daily activities. Furthermore, this information can increase the 
understanding of the individual’s family members, friends, and coworkers regarding the 
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individual’s behaviors and responses to stimuli. Moreover, therapists could improve designing 
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Motor Changes After Stroke: Sensory Components and Intervention Strategies 
Motor changes Sensory Components Intervention Strategies 
Postural Control Visual, Proprioception, 
Vestibular 
Individual may receive visual 
feedback from mirror during 
activities 
Walking  Visual, Proprioception, 
Vestibular 
Scanning the surrounding 
area to avoid barriers that 
might lead to falls.  
Gripping objects Touch, Visual Increasing reliance on the 
visual feedback to 














Comparison of average scores for our study participants versus normative sample 
 Registration Seeking  Sensitivity Avoiding 
Mean ±SD 
Study participants 36.75±9.30 49.63±9.02 34.63±6.98 33.38±7.05 
Norming sample 30.29±6.25 49.91±6.83 33.71±7.63 34.57±7.34 


















 Table 3 
Correlation Statistics Between Fatigue Short Form Questionnaires (FSFQ), FMA, and 
Sensory Processing Patterns 
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The Relationship between Sensory Processing and Activity Participation Among Community-




















The purpose of this study was to examine the impact of sensory processing patterns on 
activity participation among community-dwelling stroke survivors. We used a mixed 
method design to collect information about the experience of people after stroke regarding 
sensory changes and its impact on their participation in daily life activities. We interviewed 
selected participants regarding their experiences with sensory changes after stroke and 
triangulated findings with two standardized measures: The Adolescent/Adult Sensory 
profile, and Activity Card Sort. While the data derived from the interviews focused on the 
sensitivity participants experienced after stroke, data derived from the standardized 
assessments showed the relationship between sensory patterns and retained daily activities. 
Participants reported using various coping strategies to adapt to sensitivity after stroke. The 
study findings indicated that sensory patterns may impact engagement in daily activities 
among people who have experienced a stroke.  





Participation is “the involvement in a life situation” (WHO, 2001, p.10), and it is the 
main outcome of occupational therapy interventions (Occupational Therapy Practice Framework 
(3rd Edition), 2014). People engage in activities that provide a sense of competence and add 
purpose to life. According to the International Classification of Functioning, Disability and 
Health (ICF) framework, a disability or a disease may lead to impairments in body structures or 
body functions (WHO, 2001). For example, stroke survivors may experience sensory, motor 
and/or mental function changes. Individuals may be restricted from participation in daily 
activities because of these impairments. According to the ICF, person’s functioning including 
participation “is an interaction or complex relationship between the health condition and 
contextual factors (i.e., environmental and personal factors)” (WHO, 2001, p. 17). Therefore, the 
stroke survivor’s ability to reengage in daily activities is affected by body changes, and 
environmental factors (Bouffioulx, Arnould, & Thonnard, 2011).  
While most of the literature attributed motor and cognitive changes as the most common 
causes of activity limitation after stroke (Cawood, Visagie & Mji, 2016), survivors reported 
sensory factors as additional causes to limit their participation in daily occupations (Doyle, 
Bennett, & Dudgeon, 2014). Somatosensory changes in the hand, as well as sensitivity to light 
and sound were the main sensory barriers to activity participation reported by stroke survivors 
(Carlsson, Möller, & Blomstrand, 2009). Proprioception was also found to be highly correlated 
with physical activity restrictions and social isolation (Meyer et al., 2014). Although most of the 
literature studied the impact of somatosensory changes on activity participation, the integration 
of all sensory system influences engagement in daily life (Meyer, et al., 2014; Engel-Yeger & 
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Rosenblum, 2016). After stroke, the ability to obtain and process information after these sensory 
changes impact participation in daily occupations (Doyle et al.,2014)  
Sensory processing is described as the ability of the nervous system to manage 
environmental information to make sense of people’s experiences. Dunn’s sensory processing 
framework (2014), encompasses four patterns of sensory processing; Registration, Seeking, 
Sensitivity, and Avoiding. These patterns represent the combination of person’s neurological 
threshold (i.e. reactivity), and responding or self-regulation strategies. High neurological 
threshold encompasses registration (i.e. passive self-regulation strategy) and seeking pattern 
(active self-regulation strategy). People with registration pattern usually miss environmental 
sensory stimuli or they respond slowly to sensation (e.g. less likely to notice the temperature of 
coffee when sipping it). Seeking pattern represents individuals who enjoy the rich sensory 
experiences (e.g. wearing heavy jewellery).  
People with low neurological threshold experience either sensitivity (i.e. passive self-
regulation) or avoiding pattern (i.e. active self-regulation). People with sensitivity notice and 
distracted easily from sensory stimuli compared to others (e.g. feeling uncomfortable from 
clothes tags or certain fabric texture). Finally, avoiding pattern represents individuals who avoid 
sensory stimuli (e.g. avoiding crowds, lights, sounds).  
Patterns of sensory processing could impact the level of engagement in daily activities 
(Engel-Yeger & Rosenblum, 2016). For example, older people with a seeking pattern participate 
at a higher level in daily occupations, while older people with an avoiding pattern engage less in 
activities especially the social activities (Engel-Yeger & Rosenblum, 2016).  Changes in sensory 
systems that happen with aging could impact the level of control the individual has over the 
environment which in turn influence participation in daily occupations (Pohl, Dunn & Brown, 
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2003). To our knowledge, little is understood about the impact of sensory processing patterns on 
activity participation after stroke. Therefore, the purpose of this study is to examine the impact of 
sensory processing patterns on activity participation among community dwelling stroke 
survivors. 
Research questions 
1. How is the level of engagement in ‘leisure activity with high demand’, ‘leisure activity 
with low demand’ ‘social’, and ‘instrumental’ activities (as measured by the Activity 
Card Sort) correlated with sensory processing patterns (as measured by the Adolescent 
Adult Sensory Profile). 
2. How is the level of engagement in global activities (i.e. total current activity divided by 
the total previous activity; as measured by the Activity Card Sort) correlated with sensory 
processing patterns (as measured by the Adolescent Adult Sensory Profile). 




After receiving university Institutional Review Board approval, we recruited stroke 
survivors who are more than one year past their rehabilitation and participate in a community 
setting in a large Midwestern State. We included participants who scored 20 or higher on the 
Montreal Cognitive Assessment (MoCA) (based on the medical record), to ensure their ability to 
respond to the interview questions and understand the behavioral assessments. We excluded 
participants who had a receptive aphasia diagnosis as reported in the medical records. We also 
excluded participants with dementia and central nervous system diseases other than stroke such 
as Traumatic Brain injury.  
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Eight participants (4 male, 4 female) completed the behavioral assessments, and three of 
these (1 male, 2 female) completed the interview. Participants ages ranged from 51 to 74 years 
(M=62.8, SD=6). All participants reported race as Caucasian. Table 1 provides the participant 
demographic information.  
<table 1 inserted here> 
Measures 
Activity Card Sort (ACS; Baum & Edwards, 2001). The ACS is an interview-based 
tool used to describe an individual’s participation in different activities; instrumental activities of 
daily living (IADLs), low demand leisure activities (e.g., resting, reading for fun, crafting), high 
demand leisure activities (e.g., camping, biking, running), and social activities (e.g., attending 
church, visiting with family and friends). . Participants are asked to describe their level of 
engagement (i.e., ‘continued to do after injury/illness’, ‘given up since injury/illness’, ‘beginning 
to do again since injury/illness’, or ‘never done’)) in eighty-nine different activities shown on 
photo cards. The final score represents the percentage of activity retained since experiencing a 
stroke (i.e., the percentage of person’s current engagement in activities compared to the level of 
engagement before the stroke). The ACS is a valid tool for use with people after stroke 
(Hartman-Maeir et al., 2007) and has excellent test-retest reliability (Chan, Chung, & Packer, 
2006).  
Adolescent/Adult Sensory profile (AASP; Brown & Dunn, 2002). This is a self-report 
measure of person’s response to sensory lived experience. Individuals respond to a 5-point Likert 
scale (almost always to almost never) to describe the frequency of behaviors in each sensory 
experience. Sixty items of this measure are organized among the four categories of sensory 
patterns corresponding to Dunn’s Sensory Processing Framework: low registration, sensation 
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seeking, sensation avoiding, and sensory sensitivity. Brown et al (2001) supported the validity 
and internal reliability of the AASP. Previous research showed that people after a stroke had 
validly filled out the sensory profile (Chung & Song, 2016). 
Since we have small sample size, AASP categories (‘Much less than most people’; ‘Less 
than most people’; ‘Similar to most people’; ‘More than most people’ and ‘Much more than most 
people’) were collapsed into three categories (less than most people, similar to most people, 
more than most people) which yielded to higher number of responses in each category (Engel-
Yeger & Dunn, 2011).   
Individual Semi-Structured Interview. Researchers developed open-ended questions 
with probes to facilitate the interview. Researchers expert in sensory processing, and inter-
professional group reviewed the prepared questions and provided suggestions and feedback. 
Based on these suggestions, we created a final version of the questions. For example, some of the 
questions asked were: What changes have you experienced in each sensory system? Explain how 
sensory changes affect your participation in social activities. How do sensory changes affect the 
tools that you use on daily? Additionally, we used a separate demographic form to collect 
demographic information and stroke-related information (such as stroke onset, side of stroke, and 
type of stroke) at the start of the interview.  
Research Design 
We used a mixed method design to collect information about the experience of people 
after stroke regarding sensory changes and its impact on their participation in daily life activities. 
To answer research question 1, we employed a descriptive design to explore the relationship 
between the sensory processing patterns and the type of activity people participate in. To answer 
research question 2, we employed inductive content analysis.   
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Procedure 
To address the first and the second research questions, we obtained informed consent, 
collected the demographic information and then participants completed the AASP and the ACS 
which took approximately an hour.  
Following completion of the first part of the study, we asked if the participants were 
interested in completing the semi-structured interview (to address research question three). We 
reviewed the consent form document with those who agreed to participate in the second part of 
the study. After the participants consented, we completed the semi-structured interview which 
took approximately 45 minutes. The interview started with broad questions and was followed 
with further deeper questions for clarifications.  The first author carried out, audio recorded and 
transcribed all the interviews.  
Data Analysis 
To answer research question 1 and 2, we used IBM: SPSS (v. 23) to perform statistical 
analyses. All statistical tests of hypotheses employed a level of significance of alpha= 0.05. 
Spearman's rank correlation examined the relation of sensory processing patterns and the ACS 
results. Spearman’s rank correlation is a nonparametric analysis that is appropriate for small 
sample sizes.  We used descriptive statistics to examine participant demographic information. 
To answer research question 3, we used the inductive content analysis approach to 
explore the qualitative data gathered in the second part of the study. The first author read the 
interview transcripts several times to identify possible meanings of each segment of the text. 
Then she coded each segment of the transcript to provide a possible set of codes and grouped 
similar codes into categories and developed definitions of the categories.  
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Consistency checks with three researchers, other than the first author, were used to help 
establish dependability. Researchers did two rounds of establishing dependability. First, they 
used the definitions of the categories suggested by the first author to find the text segment which 
belongs to these categories. Researchers did the last procedure for the three transcripts then we 
compared the results and achieved 68% of agreement. After this comparison, we added examples 
and modified the definitions of the categories to make it clearer. Then researchers did another 
round of consistency checks to reach agreement level of (82%). After we determined the 
reliability of the categories, we grouped similar categories into overarching themes. 
 To further establish trustworthiness we utilized field notes, reflective journaling before, 
during and after interviews, and peer debriefing during data collection and analysis. We also 
used flexible open-ended questions with probes to facilitate the discussion. We used data from 
both the behavioral assessments and interviews for participants who completed both parts of the 
study to produce credible findings and interpretations (i.e. triangulation).  
Results 
Behavioral Assessments 
 The average score for the Registration pattern was (M=36.8, SD=9.3), for the Seeking 
pattern (M=49.6, SD=9.0), for Sensitivity pattern (M=34.6, SD=6.9), and (M=33.4, SD=7.0) for 
Avoiding pattern. Table 2 demonstrates the correlation between the retained activities of daily 
life (according to ACS) and sensory patterns.  
In comparing instrumental activities to sensory patterns, we identified two significant 
correlations.  We found a significant strong positive correlation between sensation seeking and 
the percentage retained of instrumental activities (rs = 0.90, p = 0.002). For the registration 
pattern (i.e., miss more input), we found a significantly strong negative correlation with the 
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percentage retained of instrumental activities (rs = -0.71, p = 0.05) (i.e., the more the person 
misses sensory cues, the less the person retains instrumental activities). 
<Table 2 inserted here> 
When considering sensory patterns and high demand activities we found a significantly 
strong negative correlation between percentage retained of high demand activities and the 
sensitivity pattern (rs = -0.74, p = 0.04). In other words, participants who are less sensitive to 
sensory stimuli participated more in high demand activities after stroke compared to those who 
are more sensitive. However, data did not show significant correlations between retained low 
demand activities and sensory patterns. 
When considering the correlation between social activities retained and sensory patterns, 
we found a moderate negative correlation, yet not significant, between sensitivity pattern and the 
percentage retained of social activity (rs = -0.64, p = 0.08). Additionally, we found a significantly 
strong negative correlation between the percentage of the global activity retained (i.e. total 
current activity divided by the total previous activity) and sensitivity pattern (rs = -0.76, p = 
0.03). This means that persons with more sensitivity retain less total activities. We also found a 
negative trend between the avoiding pattern and the percentage of retained activities (i.e. social, 
instrumental, low and high demand activities).   
Individual Semi-Structured Interview 
The three participants who completed the interview showed sensory patterns that were 
similar to most people, with one exception. That is, the participants did not demonstrate one 
dominant sensory processing pattern with the exception of one participant who scored in the 
“More Than Others” range for the Registration pattern. 
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As demonstrated in table 3, two themes and seven categories emerged from our data 
analysis. Although interview questions not exclusively addressed sensitivity as a sensory change 
after stroke; however, sensitivity was the most prominent theme arose during these interviews. 
<table 3 inserted here> 
Theme one: Changes in sensory perception after stroke. This theme focuses on 
participants’ description of the sensory changes they experience after stroke. This theme includes 
two categories: Responsiveness to sensory stimuli before and after stroke; and the timing of 
sensory changes. 
Responsiveness to sensory stimuli before and after stroke. This category captures 
participants’ description of the difference in their response to sensory stimuli before and after 
stroke. Participants shared how they reacted to sensory stimuli after stroke. They compared their 
reaction to light, sound, and touch/vibration to their reaction before the stroke. All participants 
reported sensitivity to sound/noise after stroke. However, they were not consistent in reporting 
sensitivity to other sensory stimuli. Some participants did feel the difference in their reaction to 
the sensation, however they were not able to describe it.  
For example, one participant shared “my eyes are sensitive to light and they are watery 
more than normal before stroke”. The same participant also shared “… for some reason the light 
does bother me more”. Another participant shared that she feels differently using power 
toothbrush after stroke due to sensitivity to touch/vibration “It’s very different now, I don’t know 
how to describe it”. The same participant described her sensitivity to loud noises when she is 
outside “if it is a loud noise and I have no idea that it is gonna happen I just really really jump”. 
She also reflected upon sensitivity to sounds being in a church “there is still so much activity and 
up and down and noise level and everything I am just not comfortable with that”. Regarding 
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sensitivity to loud noises as well, another participant mentioned “When I hear a big bang I jump 
more now, and I didn’t use to do that. This is new and different even my husband noticed me”. 
The timing of the sensory changes. This category focuses on the time that participants 
started to experience sensitivity after stroke. One participant said “In the beginning of the stroke 
neither [sensitivity to light or touch] were there). It occurred after, what time frame, I couldn’t 
put my finger on it, but I will say at least anywhere between 1.5-2 years I didn’t experience any 
of these things. So, 2 years after stroke when these sensitivity things came into play”. Another 
participant mentioned “I didn’t notice the sensitivity when I was at the hospital, it definitely 
happened after I left.” 
Theme two: Impact on participation. This theme addresses the impact of the sensitivity 
after a stroke on participation in daily life activities and how participants cope with the 
sensitivity. There are two categories within this theme: Activities that have been impacted, and 
strategies used to cope with sensory sensitivity.  
Impacted activities. The first category within this theme includes the activities that have 
been affected due to sensitivity after stroke. It also captures participants’ feelings toward these 
changes. All participants reported that sensitivity impacted the activities they participate in (i.e. 
activities of daily living, social activities and leisure activities). One participant reflected upon 
the impact of sensitivity to light on his participation in the current interview “I’d rather done this 
interview in the dark. When I came in in the morning, I set everything up I do it in the dark.” 
Another participant who played matcha (a board game) shared how sensitivity to sound 
impacts her participation in the community meetings of the matcha game” we meet once a month 
and then service activity, but I have not gotten back in to that again because we’ve got 20 
people, and everybody is talking at the same time and trying to pass this or do this…this is too 
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much, I am just thinking, I don’t know, I don’t think I can handle it”. The same participant also 
reported other activities affected “I mean we go to the movies occasionally but that doesn’t 
bother me because you know it is quiet, but in our social group as I said, and even our church is 
sometimes stressful to go to, and I am always thinking it should be a nice time to be peaceful and 
meditating”. Although this participant mentioned that social activities were impacted due to 
sensitivity to sound, she mentioned that she does not have a problem socializing in the 
community rehabilitation setting (where the interviews took place); she shared “I don’t have 
problem with that coming here and being with, maybe it is because we are all in the same 
situation and that is easier for me to relate to with this group of people”. As far as the impact of 
sensitivity on social activities, another participant mentioned “…,I used to watch football games 
with my husband but now I don’t care for them. Another participant shared” I got to situations 
that I feel this is overwhelming, you know, that’s tiring” 
Strategies used to cope with sensory changes. The second category within this theme 
captures strategies participants used to deal with the sensitivity after stroke. Participants reported 
using different strategies to cope with the sensitivity; avoiding the sensory stimuli that cause the 
sensitivity, giving up the activity, or finding new ways to complete the activity. One participant 
shared how she had difficulty processing auditory information from different people “I would 
say that being in a large group I have trouble with, and so I just avoided it”, and she continued 
“I guess if I get in a situation where I am really uncomfortable, I kind of withdraw and I just try 
to take in what everybody else is doing or saying and maybe I don’t participate like I would have 
prior to this”. She also mentioned the strategy she used to cope with sensitivity to sound “I don’t 
like to go outside when there is a big crowd” Another participant reported “you know I guess I 
do avoid crowds”. Although some participants avoided sensory stimuli that cause sensitivities 
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(e.g. noise, light), they did not feel comfortable avoiding activities and preferred to use strategies 
to cope with their sensitivity. The participant who avoided attending monthly leisure meeting 
commented “I don’t force myself to do the thing that I am not comfortable with, but that’s what I 
really need to do with the group situation, is I just need to go and get through it, go again and 
get through it”. 
Another strategy that participants reported using to cope with the sensitivity is modifying 
the tools to carry out a certain activity. One participant reported “You know without a doubt just 
having the light dimmer makes me more comfortable”. The same person also shared “I wear 
eyeglasses a lot because of the sensitivity”. Another participant shared “I asked my husband to 
change the lights in the house and make it dimmer”. The third participant said “I had the power 
toothbrush and also the same way with the waterpik. Because of the sensitivity I switched to 
manual and floss instead of those two items” and she continued “but I cannot get used to it 
again”.  
Discussion 
In this study, we explored the impact of sensory processing patterns on participation in 
daily life activities among community dwelling stroke survivors. Understanding the relationship 
between sensory processing patterns and participation in daily life assists health care providers in 
utilizing individualized care that considers a different aspect of person’s life. We explored this 
relationship through behavioral assessments and a semi-structured interview. Through this 
process, we came up with two themes and five categories, as well as examined the relationship 
between sensory patterns and percentage retained of different activities using AASP and ACS. 
Based on the analysis between SP and ACS, people with seeking pattern retained a higher 
percentage of IADLs (e.g. caring for pets, driving, meal preparation and cleanup) and social 
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activities. People with seeking patterns integrate active self-regulation strategies that enable them 
to actively engage and interact with the environment (Engel-Yeger and Rosenblum, 2016). This 
may explain the relationship between seeking pattern and percentage of retained of IADLs 
among study participants. Moreover, previous research suggests that people with a seeking 
pattern were less likely to develop depression (McDonnall, 2009) or social isolation (Saunders & 
Echt, 2007) which in turn minimize the risk of participation restriction. Our findings also 
indicated that the more the person misses sensory cues (i.e. registration pattern), the less the 
person retains IADLs. Our results were consistent with another study that explored the impact of 
sensory patterns on occupational engagement among older people (Engel-Yeger and Rosenblum, 
2016). The latter study found that among older people, who have seeking pattern retained a 
higher percentage of IADLs and social activities compared with people who have different 
patterns. Additionally, the same study found registration pattern to be the best predictor of 
engagement in IADLs among older adults. Although Engel-Yeger and Rosenblum (2016) studied 
the general older population, the previous study suggested stroke survivors have similar 
frequencies of sensory patterns since most of the stoke survivors are older adults (“Exploring 
Relationships between Fatigue, Motor Changes and Sensory Processing After Stroke”, 
unpublished manuscript).  
During the interviews, all three participants conveyed that they have experienced 
sensitivity to various sensory stimuli (i.e. sound, light, and touch/vibration). Sensitivity to 
sensory stimuli was not consistent across participants in terms of the type of sensation. All 
participants reported sensitivity from loud noises; one participant reported sensitivity to 
vibration, and two participants reported sensitivity to light. Although interview questions didn’t 
focus solely on sensitivity, it was the most salient topic reported by the participants. These 
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findings confirmed the findings of a previous qualitative study that people after stroke reported 
sensitivity to light and sound and it interferes the ability to cope with changes related to everyday 
life (Carlsson et al., 2009). The current study participants reported that they started to notice the 
sensitivity to sensory stimuli after about 1-2 years from stroke and they never experienced 
sensitivity during hospitalization. Stroke survivors confront daily life situations in its real context 
after they leave the hospital, when they start to experience difficulties and notice factors that 
inhibit their engagement in daily occupations (Bouffioulx et al., 2011). Another explanation that 
perhaps people receive more support in the first stage of stroke, and they develop self-reliance 
later which might change their need to be vigilant of surroundings. 
Further, our findings from behavioral assessment data, indicated that sensitivity pattern 
was correlated negatively with the percentage retained of overall activities (i.e. social, 
instrumental, and low/high demand leisure activities). Participants confirmed, during the 
interviews, that sensitivity to sensory stimuli restricted participation in daily life activities 
(mainly social and leisure activities). These results were in line with the previous literature which 
suggests that sensitivity to sensory stimuli was the best predictor of reduced participation in daily 
life activities among older people (Engel-Yeger and Rosenblum, 2016). Perhaps sensitivity to 
sensory stimuli is not only related to having a stroke but also to being an older adult. 
 Participants shared that they gave up some social activities due to sensitivity after stroke, 
however this was not true for all social activities. For example, one participant reported that she 
felt uncomfortable in large gatherings of family and friends due to sensitivity to noise, however 
she felt comfortable socializing at the community rehabilitation setting. This participant 
mentioned that she can relate to the latter group more than to her family since they share the 
same circumstances. On one hand, this could be an indication of the importance of the 
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community settings programs to encourage stroke survivors to socialize with other people who 
share the same experiences. On the other hand, it confirms the findings from the literature that 
stroke survivors play an “active and creative role” in managing participation in daily life 
activities after stroke (Pound, Gompertz, & Ebrahim, 1999).  
Participants mentioned different strategies to manage engagement in daily life activities 
and cope with sensitivity after stroke. One of these strategies is creating new ways to carry out 
certain activities; for example, one of the participants mentioned using the manual toothbrush 
instead of the power toothbrush to avoid the sensitivity to vibration. Interestingly, a previous 
study also mentioned some people after stroke preferred using a manual toothbrush over a power 
toothbrush (Wu, Branson, & Alwawi, 2016). Our findings, from behavioral assessments, 
indicated a moderate relationship, yet not significant, between the avoiding sensory processing 
pattern and the percentage retained of overall activities. That is, the participant with a higher 
tendency to avoid sensations participated in fewer daily activities. The qualitative data confirmed 
this relationship - people who reported sensitivity to sensory stimuli actively avoided 
participating in certain social and leisure activities. Furthermore, these results are in line with the 
Engel-Yeger and Rosenblum (2016) study that found older adults who have avoiding pattern 
were less likely to participate in social activities. 
Although people describe sensitivity to sensory stimuli, they showed similar frequency of 
sensitivity pattern when compared to the norming sample. One participant showed a higher 
frequency in registration pattern. Previous research suggests people experience changes after 
stroke which are rarely to be addressed by health care professionals (Carlsson, Möller, & 
Blomstrand, 2004). However, it impacts participation in daily life activities. One of these 
changes is missing some sensory events after stroke (e.g. leaving the cabinet open, or the water 
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running). Authors mentioned that this dysfunction is not understood by the person or his/her 
family. Based on the results of our study, perhaps leaving the water running is an indication that 
this person has registration pattern (i.e. miss more input).  This current study explored a new 
factor that might affect engagement in daily activities among stroke survivors and invites health 
care provider to consider sensory patterns as an invaluable factor to understand client’s 
behaviors.  
Limitations 
This study was conducted on a small sample size, so the results may not generalize to a 
larger stroke population. However, we used non-parametric statistics to examine the correlations. 
Future research might consider a larger and more diverse sample size. Given the complexity of 
the factors that might affect person’s functional performance, it was hard to control all the factors 
affecting person’s engagement in daily activities (e.g., executive functions, physical changes, 
psychological and emotional factors). Although study results showed the relationship between 
sensory patterns and participation in daily activities, we acknowledge that there are other factors 
impact person’s engagement and sensory patterns only one of these factors. By integrating the 
results from the AASP with the results of the other assessments, and observation we can capture 
a better and more accurate picture of person’s participation in daily activities. Regarding the 
qualitative data, we conducted these interviews to test the feasibility of the interview questions to 







It is important to understand the factors impact participation in everyday life activities 
among stroke survivors. The study findings indicated that sensory processing patterns may 
impact engagement in daily activities (i.e. social, leisure, and IADLs) among people who have 
experienced a stroke. Given these results, health professionals would create interventions fit 
person’s need to improve participation and quality of life. Understanding the relationship 
between sensory patterns and participation could also encourage health professionals to consider 
the person’s real-life environment and understand what sensory modalities facilitate or inhibit 
engagement in their occupations. Improving family awareness of sensory patterns and its impact 
on participation among stroke survivors may help professionals find the best environmental 
modifications that match the person’s sensory needs. Interestingly, the current study findings 
were in line with the previous study findings regarding the impact of sensory patterns on 
occupational engagement among older adults (Engel-Yeger and Rosenblum, 2016). This may 
invite health professionals to keep in mind that some of the changes a stroke population exhibits 
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Participant Age Gender Marital 
Status 













Right Hemorrhagic  
3 64 Female Married 
 
Administrative assistant 
for a company 
 
Left Ischemic 




Right  Hemorrhagic 
5* 74 Female Married 
 
Cashier at Hallmark 
Cards  
Left Hemorrhagic 
6* 64 Male Single 
 
Manager of car wash Left  Ischemic 
7* 65 Female Married 
 
Housewife Right Ischemic 
8 63 Male Single Cargo handler Right Ischemic 
























Correlation between the Percentages retained of Activities (according to Activity Card Sort; 
ACS) and Sensory Patterns 








Instrumental Activities -.71* (.05) .90** (.002) -.53 (.19) -.42 (.30) 
 
Low demand Leisure Activities -.18 (.67) .42 (.307) -.29 (.50) -.42 (.307) 
 












Global Activities retained  -.59 (.13) .56 (.15) -.76* (.03) -.61 (.11) 
Note. rs= Spearman’s correlation coefficient  
*p £ .05 
























Themes and Categories with Examples of Participant Quotes 
Themes Categories Sample of Quotes 
1. What does sensitivity feel 
like? 
1a: Responsiveness to sensory 


















“and even before stroke, I 
want to be correct, 
thorough, and complete.” 
 
“my eyes are sensitive to 
light and they are watery 
more than normal before 
stroke” 
 
“I didn’t notice the 
sensitivity when I was at 
the hospital, it definitely 
happened after I left.” 
 
“….but I will say at least 
anywhere between 1.5-2 
years…” 
 
2. What happens because of the 
sensitivity?   











2b: Strategies used to cope 







“I used to watch football 
games with my husband 
but now I don’t care for 
them.” 
 
“I mean we go to the 
movies occasionally but 
that doesn’t bother me 
because you know it is 
quiet…” 
 
“I guess if I get in a 
situation where I am 
really uncomfortable, I 
kind of withdraw” 
 
“You know without a 
doubt just having the light 
dimmer makes me more 
comfortable” 
 
